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On the Standa'idimUon of Russell’s Y%'pe^ AnUvemn 

deteimme a reliable method of staiidardazmg a serum specifically active agamst 
daboia venom until a scries of papers on snake venoms and the treatment of snake 
bite were pubbslied by Acton and Knowles between the years 3913 and 1915 It 
may safely be said that the anti-daboia value of the Kasauli serum was quite 
unknown 


Peevious woek 

The pioneer work on the venoms and antivenms of the common Indian snakes 
IS undoubtedly that of Lamb and his associates, who pubhshed their results from 
time to time in the Scientific Memoirs by Officers of the Medical and Sanitary 
Departments of the Government of India Much of this valuable work is m danger 
of being forgotten and little reference to it can be found m the writings of recent 
workers on this subject, largely, no doubt, owing to the inaccessibihty of the papers 

Although Lamb and his co-workers earned out a very extensive investigation 
into the properties of venoms and antivenms, there aie, however, comparatively 
few references to actual tests to determine the neutrahzmg power of specific daboia 
antivemns and much of their work dealmg with the neutralization of daboia venom 
was carried out with sera prepared from the venoms of other varieties of snakes, 
in the course of their studies of the specificity of venoms and antivemns generally 
This work, however, brought to hght many facts as regards the constitution and 
action of venoms and their interaction with specific sera, which were hitherto 
insufficiently understood and which are really the basis of all subsequent work on 
the standardization of antivenomous sera 

Acton and Knowles (3913, 1914: and 1915) carried out an investigation on the 
treatment of snake-bite and allied problems, mcluding a study of Indian snake 
venoms and the action of various antivenomous sera, and in the course of this they 
considered the question of standardization of antivemn The method they 
employed, so far as the neutralizing power of antivenms ^n vitro is concerned, gave 
consistent results probably closely approximating to the actual potency of the 
sera They called attention to the fallacy of ignoring the minimum lethal dose 
of the venom for the particular anunal used, in estunatmg the amount of venom 
neutrahzed by the serum, a pomt on which Semple and Lamb (1899) had originally 
laid stress 

As regards work with daboia venom and antivemn, which is the particular 
subject we are concerned with here. Lamb and Hanna (1903) noted that tins venom, 
whose toxic effect is prmcipally on the vascular system, has a double action, 
catismg on the one hand thrombosis and on the other hsemorrhages, according to 
the dose and the route by which it is administered Thus, given direct into the 
blood stream, or, if in sufficiently large doses subcntaneously, rapid death due 
to mtravascular thrombosis occurred A dose given subcutaneously, though 
insufficient to cause death by thrombosis, might still, however, produce chronic 
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intoxication and ‘^lo\\cr death a\iih proniiiient aipns of lifemorrhngc and oedema 
T'lirther thev ohsened tliat an intraanMuhiT dose insnfiicient to cause immediate 
death h) throiiihosis produced no, or aer> ‘•light, sjmptoins 

Putting these oh'^craations into practice, Lamh and Hanna (1903) and suhsc- 
qiicntl} Lamb (1903 and ]90'5) earned out several small scale experiments to 
dcterininc the neutrah/ing elTcct of aarions sera on daboia venom 

As regards the nciitraliring power «i vitro, haMiig ascertained the intraacnous 
MLD of the venom for the rabbit, that is, the amount just suflicient to cause 
death bv intravascular clotting a multiple of the Itl L D was mixed with varjing 
quantities of senini and the mixture after being allowed to stand for some time 
was injected into the marginal car xein Unfortuiiatelj onl} one experiment is 
recorded (Lamb, ]905) in which a specific anti-daboia scrum was tested against 
daboia ^enom All the other experiments dealt with heterologous sera and were 
negative as regards anj iicutraliring effect The one positive experiment, however, 
showed the possibilities of the method 

Only one experiment is recorded in which the ncutrali7ing effect in vivo was 
investigated This too concerned a heterologous serum and was completely negative 
(Lamb, 1905) In tins cxpcnnient, rabbits again being used, the scrum was 
injected into one ear vein five minutes before the test dose of venom was given 
into the other car vein The dose of venom was, as before, a multiple of the 
MLD The reason for injecting the scnim and venom m this order is, of course, 
obvious 


Acton and Knowles (1914) attempted to determine the muiimum lethal dose of 
daboia venom by subcutaneous injection m rats and monheys and they remark 
on the difficulty of estimating this with certainty using this route, probably, as they 
say, owing to local thrombosis 

Previously these same workers (Acton and Knowles, 1913) had determined 
the neutrabzing value against daboia venom of certam anti-daboia sera in vitro, 
using rabbits In this work they employed essentially the same method as that 
used before by Lamb and Lamb and Hanna, with the difference that a fixed quantity 
of serum was mixed with varying amounts of venom Though they do not spcoifi- 
cally mention this fact, they estimated the M L D of the venom as that quantity 
which was just sufficient to kill by intravascular thrombosis They remark that the 
results of such experiments in vitro are unbkely to indicate the neutralizing value 
of the serum under conditions such as are met with in actual snake-bite and suggested 
that experunents in vivo usmg anunals more closely allied to man would be of 
greater value 


Accordingly, later on (Acton and Knowles, 1915), they carried out a short 
senes of experiments on monkeys m which the venom and serum were administered 
separately, the latter by different routes, so that the toxin and anti-toxm eamein 
contact for the first time in the animal body, as would be the case m actual 
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Siiake-bit6 In tins "work a fixed dose of venom was given subcutaneously and 
followed immediately by a dose of serum, vaiying with each experiment, given 
subcutaneously, mtraperitoneally or intravenously 

Although these experiments are of considerable value as indicating what may 
be expected to be the result of serum therapy in cases of Eussell’s viper bite, they do 
not of course give the true neutralizmg value of the serum vwo and from this 
aspect cannot be compared with the previous in vitio tests as a means of standard- 
izing the serum Owing to the irregularity with which daboia venom is absorbed 
after subcutaneous injection, it is quite impossible to say how much of the test 
dose was absorbed in any one experiment, while for the same reason it is not 
admissible to estimate the potency of the serum m terms of the subcutaneous M L D , 
as they necessarily had to do m this case Indeed Acton and Knowles themselves 
here agam call attention to this fallacy This work, however, was primaiily earned 
out to compare the value of the various methods of administering the serum and 
not directly as a method of standardization 

In all the above work, both of Acton and Knowles as also of Lamb and his 
associates, the M L D or the estimated sub-lethal dose of the venom was deducted 
in calculatmg the amount of venom neutrahzed by the serum 

Takmg all the above facts mto consideration it is apparent that m order to 
determine the actual neutralizmg power of a serum against daboia venom by any 
biological method, whether in vitio or m vivo, for standardization purposes only 
and leaving aside the question of estimatmg its probable therapeutic value in snake- 
bite, it is desirable to give all injections mtravascularly As a natural corollary 
to this the M L D of the venom on which the standardization is based, would be 
estimated as the smallest dose just capable of causing rapid death by intravascular 
clotting , repeated experiments, amply confirmed by the present writer, have shown 
that a dose even fractionally smaller than this causes no symptoms 

Expebimental work 

The whole investigation carried out by the present writer involved a very large 
series of experiments m which the neutrahzmg value of 23 samples of antivenomous 
serum was determmed, both in vUto and in vivo, against both cobra and Russell s 
viper venoms Over 50 separate experiments, requiring the use of nearly 400 
ammals, were conducted, comprising the actual neutralizmg tests together with 
tests to determine the mmimum lethal doses of the venoms used and the necessary 
venom and serum controls AYe are at present concerned, however, particularly 
with the standardization of sera against daboia venom so that only those experi- 
ments which relate to this part of the work wiU be considered here 

Throughout this work pigeons were the ammals used For reasons which will 
be referred to later these animals seem particularly suitable for this work, and 
apart from this they are easily obtainable in large numbers, cheap initially and to 
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feed, rensonablj constant in cveiglil and ensA to inoculate intravcnonslj So far afe 
possible birds of about, 300 grin eight, vcrc used and onlj those m good condition 
Mere taheii E^cr^ pigeon un*; Moighcd before each experiment 

The sera tested Mere (1) nine ‘•aniplcs of standard Kasauli antivcnm vnr}ing 
in age from a few inonths to i ■veirs and stored in different places in India under 
\ arcing conditions The standard Kasauli ficruni is prepared from horses 
imnnim/cd uitli the mixed aenoms of cobra and Russell’s viper (Dahoia RusscUtt) 
and contains no prescrcative, being drawn and bottled wnth strict aseptic 
precautions It is put up in bottles of 10 c c The senim is standardized, lee 
neutralizing at least 0 5 mg of cobra \enom The neiitrnlizing power ns regards 
daboia venom was unhnown, but the a\eragc xahie as regards cobra \cnoin of the 
fresh scrum is such that lee ncutrali/es from 0 8 to 1 0 mg Tlic fresh serum is 
quite clear but the older samples contain a henry deposit increasing with age The 
serum is regarded ns time expired after two years (2) Fourteen samples of ‘ Serum 
AY’ This was purchased from a commercial firm It was rccened in sealed 
capsules of 10 c c , each bearing a control number The scrum w^ns a thin, slightly 
yellowish, faintly opalescent fluid It was said to be cflcctivc against the bites of 
Indian snakes (one capsule bearing the same control number was contained m a box 
whose label stated that the scrum w as suitable for the treatment of bites by African 
snakes) Nothing was known dcfinitclj about the method of preparation of this 
serum nor about the venoms from which it had been prepared Its age was also 
unknown, but as it was being sold in the open market it was presumably not 
regarded as time expired 

The venom used was the dried venom of the Russell’s viper It was tlic pooled 
samples from several snakes of this species which are ‘ milked ’ at the Haffkine 
Institute, Bombay, wdiere the serum is dried, put up in sealed tubes and sent to 
Kasauli for the preparation of antivcnm In appearance the dried venom is a 
light yellow (usually) to darkish green (rarely) cr}"stallo]d substance It is readil} 
soluble in the cold in distilled water or in physiological salt solution, forming an 
opalescent solution 

Pbeliminary tests 

Every bottle of serum before being used for the neutralization experiments 
was tested in a vacuum chamber for the scaling, and by aerobic and anaerobic culture 
for sterility Every bottle passed these tests satisfactorily 


Preparation op the venom solution 
all expenments to be detailed below, the venom solutions were prepared as 
follows The dned venom was accurately weighed on a chemical balance (Sartorius) 
to the nearest -j^th mg and dissolved m sterile physiological salt solution to make 
a solution containing 10 (sometimes 5) mg per 1 c c From this, fnither serial 
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dilutions in physiological salt solution were prepared containing mice the various 
doses of venom required for the day’s tests All the solutions were freshly prepared 
immediately before each day’s tests and any material left over was discarded 
‘ Record ’ syrmges were used for all the injections 

Determination op the minimum lethal dose op daboia venom 

POR pigeons 

(1) By inirartiusculai xnyecUen — In the hope that neutralization tests on the 
Imes followed m those with cobra venom might be possible m the case of daboia 
venom also, and in ignorance of the results of previous workers, some time was 
wasted in attempting to determine the M L D by the intramuscular route The 
venom was mjected mto the breast muscles Table I shows the result of one such 
experiment and confirms the findings of the earlier workers referred to above 

Table I 

Dahoia venom Beterminatwn of the minimum lethal dose hy intramusculai 

injection Pigeons 


One c c of venom solution containing various doses, mjected mto the 
breast muscles Results read after 24 hours 


Dale of test 

Pigeon 

number 

Weight in 
grammes 

Test dose 

Results 



1 

320 

1 2 mg daboia venom 

Died ivitliin 24 hours 


1 

n 

About 300 / 

1 4 „ ,, ,, 

Alive and well 

6-9-1923 


si 

each 1 

9f 99 99 

99 99 99 



4 

300 

18 fy » 

Died m 46 minute's 



5 

310 

2 0 fj f9 99 

„ „ 2 hours 


(2) By intravenous injection — After this preliminary failure the dcteimmation 
of the M L D mtravenously was tried, the dose of venom being injected directly 
mto the large wing vem The results of three of these experiments are given in 
Table II This table shows how easily the M L D of this particular sample of 
venom was determined and the degree of regularity obtamed Throughout the 
whole of this series of experiments, m each of which a ‘ Venom Control ’ was included, 
the M L D of this sample of venom never varied more than rt 0 01 mg and that 
but rarely This experiment also confirmed the observation of Lamb and Hanna 
(1903), namely, that death when it occurred was almost immediate and that a dose 
just below the M L D produced no symptoms 



T^vble II 

Dabom venom DetenmnaHon of the mmmmu IciM dose by mlravcnom wjcclron Ftgcom 

One cc of venom solution containing various doses, injected into tlic ving vein 

Eesults read after 21 liours 
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The neutealization of eaboia venom tn mtro 

Tor these tests the technique was essentially the same as that employed by 
Acton and Knowles One c c of the venom solution (contaimng the various test 
doses) was mixed with 1 c c of the serum, kept at 37°C for half an hour and the 
mixture (2 c c ) then mjected into the wing vein With each senes of tests an 
M L D control for the venom was put up, the dose of venom mice solution 
bemg injected into the wmg vem In estimating the amount of venom neutralized 
by the serum the M L D of the venom, as shown by that day’s venom control, 
was deducted The results could he read immediately, since the birds either died 
almost at once or showed no obvious symptoms , in practice, however, the final 
result was not recorded until after 24 hours in case death should be delayed In 
actual fact, on no occasion did any of the birds mjected and which survived the 
immediate effect of the venom exhibit any signs of poisomng and no delayed deaths 
occurred 

Table III gives the results obtamed with a number of different sera 

It will be seen from this table that this method gives remarkably regular 
results and that the neutrahzmg point is usually quite clear cut The table also 
shows that a relatively fresh serum, stored m good conditions, has a considerable 
potency against daboia venom, considerably greater, m fact, than that obtainable 
against cobra venom Thus, sera Nos C R I 427, 462, 481 and 421, none of 
which was more than 1 year old and all stored in the relatively cool chmate of 
Kasauh or m an ice box m the plams, neutrahzed, m 1 c c , at least 2 47, 2 47, 1 97 
and 1 47 mg of daboia venom respectively The amount of cobra venom neutralized 
by these same sera, estimated during the course of this investigation, was respect- 
ively 0 3, 0 5, 0 5 and 0 2 mg 

The potency of these sera agrees very fairly with that found independently 
by other workers, using different samples of anti-daboia serum For example 
Acton and Knowles (1913) estimated the neutrahzmg value, %n vitro, using rabbits, 
of certam anti-daboia sera and found values for 1 c c equal to 1 98 and 1 8 mg 
Lamb (1905) standardized by the in vitro test an antivenm prepared from pure 
daboia venom, using a shghtly different method, and found that 1 c c neutrahzed 
2 8 mg of daboia venom He also observed that the potency of cobra antivemns 
is usually much lower , the strongest he had been able to prepare had a value of 
1 c c equal to 1 5 mg , but they were usually much less potent 

One rather strilong difference between the present experiments and those of 
previous workers must be noted In carrying out their neutrahzmg tests in vitro 
both Lamb (1905) and Acton and Knowles (1913) observed cases in which the 
animals (rabbits) given intravenously mixtures of serum and venom either showed 
marked symptoms and survived or died after a more or less prolonged penod, 
although the control a nim als given venom alone, or venom plus sahne, as a rule 
died almost at once or showed no symptoms This effect appears to have been 
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noticed especially where the serum-venom mixture was in the neighbourhood of 
neutrality In the present writer’s hands, using pigeons, such a phenomenon was 
never observed Even where the amount of venom injected varied by no more 
than 0 02 mg death either occurred almost at once or symptoms were entirely 
absent AAdieie, however, the neutralizing point of the serum was closely approached 
it was noted that the birds might or might not die and a repeated test with 
the same dose of venom sometimes reversed the previous lesiilt , but still, the 
order of events was the same and the animals either died at once or showed no 
symptoms 

The constancy with which the venom acted in this way made it possible to 
carry out and establish the correctness of the venom control before the mam 
experiment was started This was a great saving of time because if through any 
experimental error or. variation m the venom the M L D reading differed widely 
from the expected figure the test could be at once repeated and the solutions dis- 
carded, if necessary, without wastmg time and animals m puttmg through a senes 
of experiments with unsatisfactory venoms, as occasionally happened with the 
cobra venom experiments m which the controls are only readable after 24 hours 
Furthermore, as noted above, irregular results tended to appear as the neutrabzmg 
point of the serum was approached, and these, as will be seen later, were particularly 
apt to occur m the zn vivo experiments In such cases a doubtful result could be 
at once checked by repeatmg the same dose with a fresh animal 

The neutralization op daboia venom in vivo 

The object of these tests was to ascertain the neutrabzmg value of the sera 
when the serum and venom came mto contact only in the blood stream and were 
not previously mixed m a test-tube As pomted out by Acton and Emowles (1913) 
this IS the condition which obtams m cases of snake-bite and the results given by the 
in vitro tests are hkely to mdicate a much greater potency of the serum than is the 
case in practice 

In carrying out similar tests with cobra venom in the course of this mvestigation 
the techmque was as follows The solution of venom was mjected mtramuscularly , 
ten minutes later the serum was given intravenously mto the wmg vem Thus it was 
possible to imitate very closely what actually happens m a case of snake-bite With 
this method, even though the results were less regidar, there was surprisingly 
httle difierence m the readmgs from those obtamed by the in viito tests 

Unfortunately it is not possible to employ a similar techmque when workmg with 
daboia venom Although it is true that an mtramuscular mjection of this venom 
can usually be given — ^unless m overwhelming dose — ^without causmg immediate 
death of the ammal, and can therefore be followed after a short period by serum 
mtrayenously, the uncertamty of absorption of the venom and the impossibihty 
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of dctormniing nccurntch flie Tj ^ iniraTmiscular injection precludes tlic 
use of tins inelliod for slandardi/inp pnrjioses Pmeh for slandardi/ing tlic 
scnini, lliercfore, and not, let it lie eiiijilinsi^ed, in oidcr to estimate its 
thenpeutic ^alnc, against dahoi.i voiioni in mo, it is neccssaiy that all injections, 
hotli of scniiii and of \cnoni, should be intra\nscnlnr The fact that sudden death 
folloiis the intra\nscnlar injection of a lethal dose of this venom forbids the injec- 
tion of the senini aftei— e\en iiiimcdiatcl} after— tint of the venom in these e\peri- 
ments Lamb (1003), recognising this, rc\erscd the order of injection and, using 
nbbits, gave the scnim into one car vein and followed this 5 minutes later by the 
venom into the other car \em The writer who at this time had not come across 
this isolated ex-penment of Lamb’s used, however, essentially the same technique, 
except that the acnom was injected immediately after the scnim and pigeons were 
the animals emplojed 

The results of these experiments are gnen in Table IV 

One or two interesting points arc to be extracted from this table In the 
first place it will be seen that the nentrali/ing power of all the sera is of a much 
lower order than that exhibited m vitro It must be rccogm7ed, howcvci, that the 
test IS a very severe one m that doses up to more than 10 minimum lethal doses of 
venom, of whnli 1 111 L D is sufficient to cause immediate death, are thrown direct 
into the blood stream It is possible that better results would have been achieved 
if more time had been given for the scnim to circulate 

Nevertheless, in spite of the seventy of the test, the relatively fresh Kasauh 
sera exhibited a definite anti-toxic value and showed a marked difference from the 
sera, such as ‘ Serum A V wdiich evidently contained little or no daboia anti- 
toxm 

Secondly it will be seen that the results are much less regular than those 
obtained by in vitro tests and that irregularities are very apt to occur near the 
neutralizing point It is possible that these irregularities are partly due to the 
short tune elapsing between the mjections of serum and venom and that they might 
have been mimmized had the serum been given more time to circulate Their 
concentration round the point of ncutrabzation suggests, however, another more 
bkely cause If one remembers that mice of venom solution there is often a 
quantity of venom equal to more than 10 M L D it is easy to understand that 
a very small error in the amount of solution injected might make a difference of 
almost 1 M L D more or less, whose effect would obviously be accentuated 
as the neutralizing point is approached This explanation seems the more probable 
from the fact that repetition of the same dose in a fiesh ammal frequently reversed 
the previous result 

In all these experiments, as m the in vitro tests, the death of the anunals either 
occurred almost immediately or else no symptoms were observed 
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Discussion 

The experiments described in this paper were carried out piimarily with a 
view to comparing the neutralizing value of an unknown serum with that of a serum 
which from its mode of prepaiation was assumed to possess some anti-toxic efiect 
on daboia venom From this point of view the tests were completely successful 
and the difierence between the two types of sera is quite definite 

As a secondary consideration it was desired to ascertain whether a compara- 
tively simple biological test, on the lines used with cobra venom as a routine, could 
also be reliably employed to standardize a serum specifically prepared against 
Fussell s viper venom The results indicate that the methods used here can he 
applied for this purpose with httlc greater difficulty or habihty to error than is 
experienced m the routine standardizing test used at Kasauh, provided certain 
precautions are observed 

The results of such experiments as these are, of comse, not directly translat- 
able into an estimate of the efiect that may be expected from therapeutic use of 
the serum in cases of Russell’s viper bites, and it is quite impossible to say whether 
the figures obtained by the in mtio method or in vivo come nearer to the neutral- 
izing value of the serum m such cases Pmely as a standard, however, with a 
view to preventing the issue of serum of poor value these two methods give satis- 
factory results 

As to the choice between standardization m vitio or m vivo, the technical 
difficulties of the latter method and its greater tendency to lead to irregular results 
suggest that m vitio standardization is more suitable for routine work The m vivo 
test, unhke the corresponding test with cobra venom, is perhaps more of academic 
interest as showing what the serum can do even under such severe conditions of 
test The conditions aie such that reproduction of them m cases of snake-bite must 
occur excessively rarely, and if they did, no subsequent serum treatment could 
possibly be apphed qmckly enough to save life 

■\Affiatever method is used, however, for standardization purposes one thing is 
clear, namely that intravascular mjection is essential Only m this way can the 
MLD be accurately determined and accurate determination of the MLD 
IS the basis of any biological standardization method The MLD should be 
regarded as the smallest dose which kills by mtxavascular clotting, and this amount 
should, of course, be deducted from the total dose of venom, m calculating the 
quantity neutrahzed by the serum 

It IS tentatively suggested that a serum of which 1 c c will neutrahze in vitro 
1 6 mg of daboia venom is suitable for issue 

The choice of animal appears to the writer to be important Various workers 
have used different anunqls , nuce, rats, gumea-pigs, monlceys and most commonly 
rabbits and pigeons Of all these the rabbit and the pigeon are by far the easiest 
to deal with from the technical point of view when it is a question of intravascular 
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injection'? A*? ropird'^ llie cliou e between tlio rnlilnt nntl the jngeon, in the wiiter’s 
opinion tlie pigeon is inou siiit.ilile 

There !<? not imidi clitTeuiKe in the rise willi wliuli iiitiin eiious injections 
Clin be piN en to these two iiiini.ils tlioiiph on the wliole, tlie wiitei, cifter very 
tonsuler.iblc expeiicme with bolli inininK (onsitiers thejngeon e.isicr, owing to tlic 
large and pioinineiit wing \eins 

Pigeons ire, how e\cr, eisiir to handle and mucli the iper, and, what is of gieat 
import inee, rcniiilvabl^ nnifoini in weiglit wlieii adult, so tliat tlierc is no need 
to calculate iiidiMdiiil doses on ai^ dose foi weiglit jirinciplc The writer lias 
earned out over seteral \ears a \er\ 1 irge luiinbei of aniinil exjiciiments involving 
the use of hundicds of pigeons and has luxti had ain difliciiltj in selecting sufficient 
birds weighing from 280 to 310 gini A\ith birds of this weight the MLD both 
of cobra and daboia \enoin is astonishingl} constant provided of course that the 
same sample of tenom is u‘=cd 

As mentioned earlier both Lamb and Acton and Knowles, when carrying out 
neutralizing tests with rabbits obserced that some of the animals show’cd delayed 
death or survived with marked sjmptoms This was never the experience in the 
writer’s experiments hether this was due to the use of pigeons instead of rabbits 
or because he was lueki in finding a good sample of venom — for venoms vaiy as 
will be seen later — is not known It is, howevci, at least possible that the choice of 
ammal was responsible, not peihaps beenusc animals of different species act 
differently — or not markcdlj differentlj — from one another to the effects of dabom 
venom, but rather dependent on the site of injection and its proximity to the heart 
and great vessels In the pigeon the site of injection is the large wing vein, leading 
almost directly to the right heart, as opposed to the relatively long distance from 
the heart and the small size of the ear vein of the rabbit 

However this may be, the fact remains that injection of a fatal dose of venom, 
whether alone or m excess of that neutrabzed in a mixture of serum and venom, 
never failed to kill suddenly, while a fractionally smaller but non-fatal dose produced 
no observable effect 

A further indication that all animals do not react alike to daboia venom, again 
probably owing to the distance of the site of mjection from the heart, is given by an 
observation of Lamb and Hanna (1903) on monkeys In these animals they found 
that intravenous injection into the cephalic vein of the arm of a dose of daboia 
venom just insufficient to cruse death by intravascular clottmg, or the slow injection 
of a dose just sufficient, if given rapidly, to kill by intravascular clotting, produced 
transient symptoms of greater or less severity, and that the subsequent injection 
into the blood stream of a much larger dose, which would normally be rapidly fatal, 
failed to produce intravascular thrombosis but was either without effect or killed 
by chrome intoxication In their experiments with rabbits described m the same 
paper this effect did not appear They say ‘Further it would appear that even 
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when a dose (of daboia venom) which inst fads to cause death from intravascular 
thrombosis is given intravenously, the animal presents none at all oi only very 
slight symptoms ’ 

In addition to the desiiability of choosing a suitable animal it is necessary to 
select a suitable sample of venom That daboia venoms varj'^ in their effect appears 
to have been noticed by Lamb In nearly all his work with this venom he refers to 
the M L D as bemg the mmimum amount which caused death by intravascular 
thrombosis when injected intravenously This, in the rabbit, was about 0 2 mg 
per kilo In one experiment, however (Lamb, 1903), he used as liis test dose 0 6 
mg per kilo, which, he says, was ‘ an amount whieh as regaids this sample of venom 
did not cause mtravascular thrombosis when mjected mtravenously ’ This amount 
of venom, however, when injected intravenously m a mixture with an inert serum 
killed the animals after a more or less prolonged period This sample, therefore, 
was presumably deficient in its blood coagulant action 

Some subsequent work of the present writer also showed how much the venom 
may vary A number of samples were met with in which it was not possible to 
determine the M L D by making use of the blood coagulant effect by intravenous 
injection 

Table V 

Daboia venom (Sample A) Determination of the minimum lethal dose by 

intiavenous injection Pigeons 

One c c of venom solution containing various doses, mjected into the wing 
vem Results read after 24 hours 
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TAurr V — couch! 


Dnio of 

Pip on 

in 

T rsl ilovo 

IttsIlllH 

test 

luimlicr 






■1 


92 

300 

0 02 

mg 

\c!ioni 

Ailie mill well 



93 

300 

0 03 












mu 


91 

300 

0 01 


ft 

ff t* »» 

■ 


93 

' ■ 

300 

0 05 

ft 


llicd 



9G 

290 

0 02 

mg 

\ cnoin 

\li\o and well 



97 

300 

0 03 



Died 

1 1-2-1924 







f 



OS 

300 

0 01 

f» 

f » 

>* 



09 

300 

0 03 

*f 


Alive and well 


Ufmauks 


Tabic V shows how variable tlic results may he witli certain samples of venom, 
some of w'hich arc quite useless for standardi/ation purposes It is probable, 
therefore, that this venom \aries considerably m its constitution, and this aspect 
of the problem requires further investigation 


Conclusions 


(1) Methods of standardizing anti-daboia serum, by means of its neutralizing 
power %n m(ro and m vivo have been described and the results of e\penments 
given 


(2) The m vitro method, by reason of the ease with W'hich it can be earned out 
and the regularity of the results obtained, appears to be more suitable for routine 
work and is considered to provide a rcbable method of standardizing a serum 
against daboia venom 


(3) The results of these tests are not to be interpreted as directly related to the 
quantity of daboia venom which will be effectively neutrahzed by serum used 
therapeutically m cases of snake-bite, but only as indicating a standard which 
may be used to prevent the issue of serum of poor value 

(4) It is suggested that anti-daboia serum of such a potency that 1 c c will 
neutrabze m viho a*- least 1 5 mg daboia venom is suitable for issue 

(5) For any biological method of standardizing antivemn against daboia venom 

all injections, both of serum, or venom, or mixtures of both, should be mven 
directly into the blood stream ^ 


(6) Evidence is put forward that the choice of animal for use in such 
standardizing tests is important, the suitability of the animal probably increasing 
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mosquitoes weie dissected and t]icy sliowcd many ■\oimg filaiuc m tlic body 
cavity and tboiacic mu'iclcs Dining the subsequent poiiod also, tlie mortality 
among the mosquitoes was high, altliough not as heavy as that obser\cd on 
the fiist day 

In 26 specimens out of 34 dissected on tlic Itli to 11th day, filarife were observed 
m difierent stages of development The rate of development of the filaine was 
found to be similai to that observed m Cnlcx fatigaiis which was used as control 
Dissections carried out on the 4th, 6th and 7th days showed noimal development oi 
the filarise In one specimen dissected on the 11th day after feed, mature larvie 
were seen in the thoiax 


Fi esh'ioalei A subpictus 

Out of 29 mosquitoes dissected, 21 took the infection and showed developmental 
phases of W hancioftt The rate of development of the worm larr^se was normal 
and did not difiei from salt-water A suhpiclus As with the latter race, there w’as 
heavy mortality among mosquitoes that took the infective feed Dissections on the 
4th and 6th days showed filarise in their respective stages of development On the 
10th day, the stage prior to the mature larva stage was observed Owing to heavy 
mortality among the mosquitoes, dissections were not delayed long enough for the 
mature larva stage to be observed It seems likely that the filarise would complete 
their larval development in due course if the infected mosquitoes survive for that 
period 

AnoqdieUs subpictus is thus seen to be susceptible to infection with W hanciofii 
and the larv® are able to complete their development in this species There appears 
to be a severe reaction in the host consequent to the infection and it suffers a high 
mortality, especially on the day following the day of feed The salt-water race of 
A subpictus did not differ mateiially from the fresh-water form in its susceptibility 
to infection 

(4) Anopheles ludloivii vai sundajca 
Several infection experiments were carried out with this species and altogether 
41 mosquitoes survived for the dissections Out of the 41 mosquitoes dissected, 
28 were positive for filarise The number of filarise observed m the mosquitoes w'as 
fairly high , in several specimens, 10 to 18 filarise were seen in each The rate of 
development was quite rapid On the 3rd day after feed, sausage forms were found 
in good numbers On the 5th day, elongated forms were common On the 10th 
day, mature larvai were seen in the thorax In one specimen, six mature larval 
and several immature ones were seen on the 30th day 

These results show that A ludlouii var sundaica is a favourable host for 
W hanciofti On a previous occasion while dissecting wild specimens of this species 
collected from the vicmity of Budge Budge (24-Perganas District) for infection 
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vilh iinl.irn pnrn'^ilc';, one of ns (Jl 0 T 1 ) observed a nnhirnl filnnnl infection in 
two spcciineiis out of a lotnl of 711 Tlie mature Innro found in these two speci- 
mens weremeisuicd ind tlie> < onfoiined in si/e and in appearance to mature Inrvm 
of hnncrofh 

(o) Anoi'Hi 1 1 s sri i‘Hi ^sl 

Ten hitches of Annjdichs •.hplKint wiie fed on filarial cases Out of a total 
of 30 mosquitoes dissected in this senes on difTercnt days following the daj of 
mfcctuc feed, 3G were found to be infected The experimental infection rate in 
this species is very high The numbei of filarim per infected mosquito was also 
high In most of the infected spceimens, there were more than ]0 filarim and in 
several, ns mam as 30 w ere seen Anophch s sIcplKiiu is \ ci> susceptible to infection 
and it appears to be a fanourablc inteimedintc host of T1 haiicrojh Tlic rate of 
development of the filanrc in A ';lcp]iai<^i was c\on more rapid than in Cvlcx 
fatigans which was run ns control As earh ns on the 10th dan after the infective 
feed, several mature activch nion ing lanae were observed in the thorax and abdomen 
of exponmcntalh infected A slcphaaa In the case of Ctilci fatigaia^ which were 
expcrimentnlly infected during the same peiiod as the present observations, it was 
only on the 11th da) that mature filaria larv-c were obseined m the mosquito and 
the filaruo were not observed in the head and proboscis earlier than the 12th day 
In experimentally infected A slcpJiatsi, man} mature laivm were observed in the 
thorax and abdomen on the 10th day and a larger number reached maturity on the 
11th day Mature larvfc w'crc obseivcd in the head and proboscis of A steplicnsi 
even on the 11th day 

The results show that IF hancrofU develops very rapidly in A stephensi 
and ]udged from the high infection rate and the heav)’^ infestation observed 
under experimental conditions, this species is an efficient intermediate host of 
H' bancrofti 

(6) Anopheles puli&inosus 

Twelve batches of A fuligmosus mosquitoes were fed on filarial cases 
Altogether, 43 specimens of the fed mosquitoes were dissected from the 7th to 15th 
day after feed The infection rate was found to be high , 30 out of the 43 dissected 
had filaria larvai The filarise developed very well in this species and the rate of 
development was as rapid as that observed in A stcphcnsi Mature laivre were 
observed in the thorax and abdomen on the 10th day after feed and on the 11th day, 
active mature larvse were seen m the head and labium 

(7) Anopheles pseudojamesi 

Foiu batches of A pseudojamesi were fed on filarial ca'^es and 15 were dissected 
on the 6th to 10th day after the infective feed Six out of the 1 5 were found infected 
and the number of filarise found in the mosquitoes was small, being between 1 and i 
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The rate of development was uoimal , on tlie 10th day, tlie filarias in the thorax 
weie m the stage piioi to tlie final mature stage The nnmher of obsen'^ations 
carried out with this species is small , the piesent results show that A psendojamesi 
IS not an unsuitable host foi TT^ banoofh 

(8) Anopheles varuna 

Three batches of mosquitoes weie given infective feeds and of these 19 
mosquitoes were dissected on the 5th to lOtli day aftei tlieir lespective infective 
feeds A high infection late was observed with this species , 16 out of the 19 
mosquitoes dissected were found to be infected The late of development of the 
filaiise m A vatuna was observed to be similar to that observed in Culex faUgans 
On the 10th day aftei feed, the stage immediate!)’’ prior to the mature stage was 
observed Fiom 3 to 10 filariae were observed in the infected mosquitoes 

(9) Anopheles pallidus 

Three batches of AnojAieles palhdus were fed on filarial cases and 42 mosquitoes 
were dissected on the 4th to 11th day A fairly high infection rate was observed m 
A palhdus , 28 specimens out of 42 examined were found infected The number of 
filanae found in the infected mosquitoes was also very high In seveial specimens, 
as many as 30 to 60 filarise were observed The rate of development of the filarise 
was as in Culex fahgans , on the 11th day after feed, mature larvse were observed 
actively moving about in the thorax and abdomen 

(10) Anopheles philippinensis 

Only a small number of observations were made with A phUppmenszs Out 
of three mosquitoes that were dissected on the 4th day, all of them were foimd 
infected The numbei of filariaa found in each mosquito was observed to be between 
21 to 23 Owing to lack of bred-out specimens, a larger number of observations 
were not earned out 

Some specimens of A plnlippmensxs caught as adults from houses in a filarial 
area m Nadia District weie dissected and natural filarial infections were obseived 
in two out of ten specimens examined Both of these positive specimens had 
mature filaria larvse which were similar in appearance as well as in size to mature 
larvm of W bancrofti 


(11) Culex fatigans 

In conjunction ■with many of the infection experiments discussed herem Culex 
fahgans mosquitoes were fed on the same cases for purposes of comparison 
Altogether 24 batches of mosquitoes were fed on filaiial cases and 212 mosquitoes 
were dissected Out of these, 152 mosqmtoes were found to be infected The 
number of filarise in these mosquitoes was generally between 8 to 10, in some 
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specimen'', T Isrger mimbor of filiiia' (15 lo 20) \\oie obscr^c(l In tins sciics of 
obsen.ilions the mntnre lir\ii s(ngf of the filnrin w'ls obscr\ec] in tlie tliornx nnd 
nbclomcn of CvIct faiujan'^ on the 11th (ln> 'I'lie liirviC ■\\eic not obscived in the 
head nnd jirolioscis eirlier tliiin the ]2fli dm 

(12) Cui I \ VlSIINUI 

Only four sjiecnnens of Ca^rx ii'Jiuui were n\niliiblc for dissection after the 
infcctne feeds Of the*-! throe were negatne while one which was dissected on the 
4th da) ‘'howed two 'vonng '-nn‘'n';e shaped filiria? I'he latc of dcvelopniciit 
seemed to be nonnal 


(13) .'Lni s (Sti f omma) yif.\rTi 

Twelve batches of /Eefes (.Stec/onii/m) rrc/i/pti were fed on filarial cases and the 
mosquitoes w’cre siibseqnenth di‘=scctcd or serinll) sectioned Out of 50 mosquitoes 
thus examined, onh three showed filaria) In one specimen, two dead filarim of the 
stage analogous to the 2nd da) stage in Cnlcx fatajan'! were observed on the 7tli 
day after feed In the second jiositivc specimen, two small forms similar to the 
2nd day stage were seen m the thoracic muscles on the 8th day after feed In the 
third specimen, four minute filariai, also of the 2nd day stage, were observed on the 
13th day after feed In 47 out of 50 mosquitoes examined either by dissections or 
• by serial sections, no trace of the filancc was noticeable 

Dissections and sections of yJSdes (rgyj)h tamed out on the clay following the 
date of feed showed numerous microfilariffi within the stomach and it was observed 
that many of the microfilaria; had cast the sheath After this stage the fate of the 
filanee is not definitely known A small number of these piobably manage to enter 
the body cavity of the mosquito, but the ma 3 ority of them do not succeed m doing 
so and are probably voided with the faeces Ea'cii such of the filanae that enter the 
body cavity and effect a lodgment m the thoracic muscles do not seem to have any 
chance of completing their larval development Even on the 8th day after feed, 
the filarise observed m the mosquito were still very «mall and undeveloped The 
same condition was observed even on the 13th day after the infective feed, and as 
such the filanae have very little chance of completing their larval development 
The results show that Mdes (Stegomyta) a;gyph is not a favourable intermediate 
host for W hancrojh, as most of the microfilariae fail to effect an entry into the 
body cavity of the mosquito, and the development of the few that may actually 
effect an entry is suppressed 

(14) AUdes (Stegomyia) vittatus 

Experimental mfection of this species was attempted by one of the authors 
(S S E ) while working m Cuttack in October 1921 In this series 27 mosquitoes 
were dissected 9 to 14 days after the infective feed and the results were entirely 
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negative JEdes (Steqowyw) wtlatns Mas obsened to lie unfavoaraWc for the 
development of W hanoofti 

( 15 ) Anmai'Vh^i onauRiniNs 

Eleven batches of Anniqocs ohliahans wcie fed on iilanal cases and 98 
mosquitoes ivere dissected oi sectioned The lesiilts liave been totally negative 
111 dissections cairied out on the day folloMing the dai'^ of feed, the authors observed 
miciofilanae ivithout sheaths in the stomacli contents, and in tivo instances, one to 
two miciofilarice v^eie observed in the body cavity of the mosquito In no instance 
M'ere any filarise seen in the thoracic muscles of the mosquito, either in serial sections 
or in dissections The results shoM that Aiinigoes ohtiobaiis is unsuitable as an 
intermediate host of Tf banaofli 

(16) T/Eniorhynchus (Mansonioides) annuliferus 
Six mosquitoes M'ere fed on filarial cases and dissected on the 5th to 6th day 
They were negative for filarise The number of observations noth this species is 
small 


Summary 

Several species of Indian mosquitoes have been found to be efficient intermediate 
hosts of W bancrofii under experimental conditions Other species were entirely 
refractory to the infection Out of sixteen species experimented on in this senes 
Armigeies ohtuihans and Mdes {Stegcmyia) vitiains were observed to he proof against 
infection with W banciofti Tceinoihynchm {Mansonioides) annnlifenis also gave 
negative results, but as only six observations were made with this species, the 
negative results are not of much value Mdes {Stegoinyia) (^gyph was found to be 
unfavourable as an mtermediate host of W banciqfti Most of the specimens of 
this species did not take the mfection and in the few that took the infection, the 
filarise were arrested in the very early stages of development and they did not grow 
any further In Cvlex mslinui, experimental infection was observed in a single 
specimen out of four examined , a larger number of observations should be 
made to ascertain its susceptibihty and to see if the filariee would complete their 
larval development in this species Anopheles liyrcanm var mgernmus and 
A barbiiosins are both susceptible to infection, filaria larvae completed them 
development in these two species, but the development of a large proportion of the 
filariae is greatly suppressed and they may not reach maturity at all In the three 
species A subpicins, A pseudojaniesz and A varuna, the larvae of W bancrqfti 
were observed to develop normally as m Cnlex faiigans, but the filariae found in the 
mosquitoes were comparatively few in number There was no marked difierence 
in the susceptibility of the fresh-water and salt-water races of A subpicius Cnlex 
faiigans, Anopheles pdnhpjnncnsis, A pallidas, A fnliginosns, A stdphcnsi and 
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^des {SUgomyxa) cegypli "0 3 -t 2 2 7 I7ot likely to 

mature 

jSdes (Stegomyia) villains 37 0 

Armigeres obturbans 93 0 

Tmnwrhynrhns (Mansontnides) annnhfcrus 6 0 
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A hidlowii vai simdaica wore found to he cfhcicnt intcimcdiatc hosts of 
TV hanciofh tJie exception of A jdnhpjnnensis, in ^\]ncll only a small 

niunbei of obseivations was made, in all the other species, W bancrofh was 
observed to complete the laival development rapidly and in fair numbers In 
Culex fahgons and Anojihclcs ]]alhdi(s, the time taken for the larva to reach 
maturity was observed to be 11 days In Anopheles fihgmosns, A stepheiisi and 
A kidloivn matuic larvae veie observed as oaily as the 10th after infective feed 
In addition to these experimental infections, natural infections v ere observed 
in specimens of A Indlowii, A jilnhppmams and Cvlcx fahgans caught in human 
habitations 
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NOTES ON SPONTANEOUSLY AGGLUTINATING STRAINS 
OF V CIIOLEJLT: both NA'J’UKAL and 
ARTIFICIALLY PRODUCED 

\ATAR NATH GOYLE, m u , ni d , 

AM) 

]’ N SEN GUPTA, m sc 
{From the Pasteur Institute of Burma, Banqoon) 

[Rcocivccl (or publication, rcbriiarv 10, 1032] 

Tnr question \\lictlicr there nre several seiological types of V cholercc has 
been studied b)’ numerous vorhers and in spite of certain observations to the con- 
trary it IS fairh veil established that in*tlie stools of cases of cholera vibrios are 
found vrli cli may exhib t marked difTerenccs m tlieir agglutinating properties 
It was considered tint the recent investigations into the dissociation of micro- 
organisms might throw some light on this subject Those interested in the litera- 
ture of this subject arc referred to the comprehensive monograph on ‘ Microbic 
Dissociation ’ by Hadle)' (1^27) and to an aiticle by Arkwright (1930) on the same 
subject in ‘ A System of Bacteriology ’ {Medical Rescareh Council) 

The observ’ations presented below are of some interest inasmuch as variants 
have been obtained from cultures of V cholera! in the laboratory which react sero- 
logically with cholera organisms isolated from actual cases of cholera It may be 
added that these variants while differing from the true V cholercc in their agglu- 
tinability in peptone water medium are identical with it m their growth characters 
on agar 

Source of the cholera strains investigated 

1 Y cholercc 67S was isolated from a case of clinical cholera in the 
Contagious Diseases Hospital, Eangoon No clinical history is available 

2 Y cholercc 5478 , Contagious Diseases Hospital, Eangoon Date of onset 
of symptoms of cholera, 18-5-30 Condition on admission on 21-5-30 Emaciated 
passing frequent watery stools with scanty urine Cholera vibrio isolated on 
22-5 30 Died on 28-5-30 Veiy weak phage obtained from the stool on 22-6-30 
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3 V clwleicc CD D was isolated from a case of clioloia m 1929 m the Con- 
tagious Diseases Hospital, Rangoon No clinical history is available 

4 Y clioleicu 609R was isolated by Dr Asheshov from a cholera case in 
Patna Hospital on 18-7-29 Dr Asheshov states tliat the colonics present on the 
first plating were of the rough t}pe, but on plating ve found no colony with rough 
appearance 

5 Y choleio} P I B S This was original^ obtained from the National 
Collection of T}^e Cultures maintained at the Lister Institute of Preventive Medicine, 
London There is, however, no record to indicate its identity with any of the 
strains now kept there 

6 F cholera} 67R , 547R and P I B R were obtained from the conespond- 
ing S strains as described below 

Mfthods of obtaining variants 

The cultures 67S , P I B S and 547S weie puiified b}'^ three successive platings 
and single colony isolation Cultuies thus purified were inoculated into peptone 
water and left for ageing Immune serum being an active dissociating agent, 
the cultures were inoculated into 10 pei cent 67S immune serum m peptone water 
Serial sub-cultures were made at weekly intervals, agar plates being spread out 
at each time of sub-culture No rough colony was found even after the third 
passage Spontaneous agglutination in broth being a characteristic of the R form, 
six colomes were taken from the agar plate spread fiom the fourth sub-culture 
and put into peptone water None showed agglutmated growth Colonies showing 
agglutinated growth began to appear m the plates spread out from the 6th and 7th 
sub-cultures, though none of the colonies showed rough appearance on agar Once 
a colony showmg good agglutinated growth was obtained, it was further purified 
by repeated plating and colony selection until a colony was obtained which, when 
spread on agar, gave colonies any twelve of which when put into peptone water gave 
agglutinated growth The cultures thus finally obtained were tested for stability 
by repeated peptone water sub-cultures at 24 hours intervals for twm weeks, after 
which no sign of reversion was observed From the peptone water cultures left 
for ageing plates were spread out at monthly intervals No colony showing rough 
appearance or agglutinated growth m peptone water was obtained even after six 
months 

Agglutination tests 

Rabbits were moculated intravenously with 67S , 67R and CD R at weekly 
intervals and after five mjections the agglutinating titre of the sera was as 

follows — 

67S serum 
67R „ 

CDR » 


1 m 9,000 
1 in 8,000 
1 m 16,000 
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The results of ngulninintion of the (lifferenl strums ■with thcbc sera arc sho'wn 
in Fi^s ], 2 and 3 Tlic scnini iiindc witli 07S npglut mates the S forms of 
r cholera to a litre sar^inj; from 1-1,000 to 1-0,000, i o , ii to 100 per cent On 

67 'S* SERUM AGMNST THE 67 5 SERUM AFTER 

ORGANISMS INDICATED ABSORPTION WITH 67 'R 



67 S 5EKUM AFTER 
ABSORPTION WITH CDR 
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the other hand the same scrum agglutinates the R forms to a much lower titre, 
namely 2 to 22 per cent The serum made with 67E reacts with the E form of 
the different strains to full titre (with CD E slightly beyond titre) but S forms are 
agglutinated only to 6 to 24 per cent of the titre (Fig 2) Results of experiments 
with CD R serum (Fig 3) are similar to those with 67R serum 

It IS thus seen that there is only slight cross-agglutination between the S and 
R variants 

Absorption tests 

The results of absoiption tests are shown m Figs 1-3 These indicate that 
67S serum after its contact with 67R or CD R still agglutinates to a relatively 
higher titre the S forms of the different strams but has lost whatever agglutmins 
it had possessed for the E forms of cholera vibrios When 67R serum is absorbed 
with the S form, there is complete removal of the agglutmins for S forms'*" but the 
titre for R forms is altered very httle It will be noticed that the CD R serum is 

67 R' SERUM AGAINST THE 
ORGANISMS INDICATED 


67 ‘R* SERUM AFTER 
ABSORPTION WITH 67 '5' 


67 S 


•125 


100 •/, 


75 •/» 


50 


as 


TIB *5 

S»7 s €7 


54.7 “R CD R 

K PIB'R 


609 X' 



67 


100 •/ 


75 "/» 


50 •/« 


zs •/• 


67 T 


647 11? CK'R 

PJB R COS'* 



Fig 2 

identical with 67R serum m its hehavioux (Fig 3) Absorption of the 67E serum 
with CD R and vice versa leaves no trace of any agglutmins It may be noted 
that a serum after absorption with the homologous strain was devoid of any agglu- 
tinating power in any of the strains used These results have not been recordc 
in the figures for the sake of brevity 


* Except in the case ot P47£> Miuch is agglutinated to 2 per cent of the titre 
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j\Iisci I LAxrous i-\rrRivrNTS 

A Ilamoh/lw action — None of llie stmins nnclcr investigation sliovccl any 
l^tic ciTcct on slieep’s red cell"? For tlic purpo<5C of this test vc used thrcc^days 
old peptone vatcr cultures of the difTcrent strains These vero centrifuged and the 
supernatant fluid vas added in different dilutions to an equal quantity of sheep’s 
red cells in small test-tubes 


c D 'r serum against the 

ORGANISMS INDICATED 


CD R SERUM AFTER 
ABSORPTION WITH 67 'S 



B Sail aggluiimhon — All the eight cultures were tested for salt agglutina- 
tion and the result is recorded in the following table — 


STR \TOS 1 

^ NnCl 

KnCl 

4 

NnCl 

O 

Ss.ci 

1 

I^NaCl 

67S 

— 



— 



_ 

RIBS 

— 

— 

— 

— 

_ 

647S 

— 

— 

— 




87Pv 


-p+-t 

± 

— 

_ 

CDR 

+ 4“ + 

+++ 

± 

— 


PIBR 

+ + -U 

-I-++ 

± 




609P 

+ -p + 

-( -P4- 

± 



647E 

-P++ 

-p P-P 


- 

— 
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Notes on Strains of V cliolcrfc 

C Tc'>ti)i(/ V ilh j\htlo)i s r(nq(i\t — One loopful of 24 hours agar cultures of 
each of the eight cultures ns einulsified in 2 c c of distilled center taken m clean 
test-tubes To each 5 drops of i^Iillon’s reagent verc added In 1-2 minutes all 
the rough cultures began to show dumping On standing after boiling for 1-2 
minutes, the lough cultures gave a red dc])osit, leaving a clear supernatant fluid, 
while the smooth cultures showed no change 

D Bio-clicnncdt rcoclions — No dilTercnco was obscrv'cd between the smooth 
and rough cultures as regaids then luo-c lumic.il re.ictions All foimcd acid in 
glucose, mannitc, maltose and sacchaio^'C, lactose and dulcite remaining unchanged 
All gave negative Voges-Proskaucr reaction and positive cholera red reaction 

Discussion 

F cliolcioi is a very delicate oigamsm and alterations in its agglutinability 
occur somewhat readily Modifications in agglutinability may result from the 
action of various factors Among recent workers Nadake (1920) and Yamanouchi 
(1921) observed that cholera vibrios growui in homologous seiiim lose their agglu- 
tinabihty, which is also diminished by water culture (ZlatogorofF, 1909) and the 
action of phage (d’Herelle and others, 1930) Vibrios isolated from cases of cholera 
also show marked differences in agglutinability 

In the present paper we are only concerned wuth alterations of agglutinability 
associated with spontaneous agglutination Shousha (1924) obtained E forms 
from a haemolytic and a non-haemolytic strain of F choleiw by plating old broth 
cultures It may be noted that his description of these forms suggests that they are 
identical with the w^ell-knowii rough forms of intestinal bacteria He cites Ham- 
burger as saying that cholera vibrios when growm m immune serum show sponta- 
neous agglutination, but on repeated sub-culture on agar this character was lost 
It IS not yet possible to say with certainty that the forms described in the 
present papei are lough though their sensitiveness to salt and ccmparative inagglu- 
tinabihty with the parent serum are m favour of the view that they are E forms 
It may be recalled that Goyle (1926) studied a strain of B typhosvs (162) which 
was found to be smooth m cultural features and in its stability in physiological 
saline, but which exhibited a fam amount of the E antigen when tested serologically 
In other words R antigen may exist in apparently smooth cultures and its presence 
may be determined only by agglutination and absorption tests with heated and 
unheated emulsions The form of F choleiw we have studied is agglutinated in 
normal saline and this character has not been lost even after repeated sub-cultures 
on agar The correlation of this form with the well recognized rough forms of 
Arkwright though not definitely established appears probable Further the E 
form obtained by growing the S forms in immune serum have been shown to be 
serologically identical w'lth the two strains isolated from clinical cholera stools and 
then agglutination with the S seinm is slight It is d well-known fact that 
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inngglufimblc or Ic'^s nggluhnnhlc Mhrios nro more commonly met with during 
convalescence and flic subsidence of an epidemic fliaii at its height It is probable 
lint modifications in flic ngghi1innbili(\ of vibrios occur in the intestine under 
conditions of adMincing immuni/'nlion and some of these at any rate arc identical 
vith the changes that occur in the vibrios when grovn in immune serum In this 
connection it is intcrcsfmg to note that Yamanoiichi (1021) found the agglutmabihty 
of Mbrios diminished after their introduction into the alimcntarj tract of a cholera 
immune inimal but its agglutinogcnic jiower vas not diminished The advantages 
of a standard agglutinating •'Cruin in the diagnosis of cholera arc obvious and a 
study of the aarianfs produced under natural and arlificiiil conditions in our opinion 
vould afford considerable help in the production of such a serum 


Summary 

1 The experiments recorded in this paper tend to support the view that 
F cholera: produces variants under natural as veil ns artificial conditions 

2 The form described in this paper does not produce the characteristic rough 
colonies of other intestinal bacteria on agar but is spontaneously agglutinable 

3 The form obtained bj growing the S foim in immune scrum has been 
shown to be serologically identical with the spontaneously agglutinating strains 
isolated from eases of clinical cholera 

4 The R form wdiether derived artificially or naturally differs from the S 
form in its agglutinating absorbing and antigenic properties 

5 It IS suggested that some of the inagglutmablc strains met with in natuie 
may be of this type, i e , ‘ rough and ‘ roughness ’ may be revealed only on sero- 
logical investigation 

6 The two forms (S and II ) arc identical as regards fermentation of carbo- 
hydrates, formation of indol and absence of haemolytic action 

7 "With the Millon’s reagent the two forms react differently 
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AN EXPERI^rENTAL CONTRIBUTION TO THE DIAGNOSIS 
OF PERNICIOUS ANyEMIA 

ii\ 

K N MURTHI MB, ns, 
liacarch FcUov in Medicine, Vmici’iihi of Mndrni, 

AMI 

? JOHN SUNDARA RAO, m a , r 7 s , 

Dcparlnicnt of Btoloqij, Medical College, Madia’s 
[Uccpivcd for publication, I'obrunrj 19, 1932] 

AViiiir investigating tlic siilijcct of pernicious nnrcmia at the Government 
General Hospital, Jladras, the first author \sas baffled with the problem of demon- 
strating the toMcitv of the sera of cases of pernicious antemia Injections of the 
serum and whole blood from eases of pernicious anaemia liavc been given to the 
albino rats and guinea-pigs in order to make a study of the toMcity of the sera 
All those experiments have failed so far to give any clue for the demonstration 
of the toMcitj' Weights and temperatures have been noted and changes in blood 
pictures have been studied m the animals that have been experimented upon, but 
none of them gave any definite conclusive result It was suggested that instead 
of ammals young seedlings might give a clue for the demonstration of the toxicity 
of the sera Having this suggestion in mind we looked into the literature to see if 
there had been any experimental work done on this subject The earliest wwk 
that has been reported was in 1922, and in 1926 by Macht in Jour of PJmi and 
Exper Ther , and subsequently another contribution had been made by Macht 
in the Jour of Amer Med Assoc , September 3, 1927, Vol LXXXIX, pages 763 
to 759 After this there was but little available literatuie on the subject 
In collaboration with the second author the following phytopharmacological 
experiments have been carried out There was a great difficulty m the selection 
of the seedlings for our experimental purposes T/upinus albus were the seeds 
used by the research workers m America, but we could not obtain these for our 
experiments Various seeds were first germinated in order to find which of them 
was most suitable m quickly germinatmg and in giving straight tap roots to 
allow accurate measurements of their lengths from day to day Beans peas 
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and other germinating grains Avere found to he A^’cry defective in satisfying the 
above needs The only seeds that nearly approximated to oui requirements 
are those of Vtgna caliavq (Plate I, fig 1) The plant belongs to the Natural 
Order Leguminoscai These seeds are obtainable anyA\heie in the Indian market 
being freely used as an article of food b}’- the Indians The seeds are of small size 
and cylindrical shape 

We tried to germinate the seeds in sand and then transfer them to the apparatus 
containing nutrient solution but this method vas not very favourable, because 
we could not get a straight tap root Macht soaked his seeds m tap-water for a 
night and the following day the swollen seeds were planted Avith the hilum down- 
wards m finely ground sphagnum moss On the third day the seeds were found 
to give roots of convenient length and these were hung m plain test-tubes Macht’s 
method did not suit our experiments, so we have tried different kinds of apparatus 
for germinating the seeds, but the one that siuted us best was the germinating 
apparatus devised by Schonjahn (Plate I fig 2) Seeds of uniform size and 
weight were taken and weie soaked for about tvo hours in tap-water These were 
picked up and placed with the hilum turned downwards over the sieve in the 
Schonjalin’s germinating apparatus The sieve has a himdred holes The seeds ivere 
then covered over with sand and moistened with water A cover of circular felt 
was put over it to keep up the necessary warmth A thermometer was fixed ovei 
the cover which gives the reading of the temperature at which the seeds aie groivmg 
Three-foniths of the container was filled up with watei The photograph indicates 
the different parts of the apparatus (Plate I, fig 2) Aftei 24 hours we could see 
the roots beautifully displayed, groiving straight downwards as shown in Plate I, 
fig 2 The felt covering was then lifted up and all the seedlmgs were thiown into 
a tray containing water Seedlings having almost the same length of radicle or 
root were selected 

The other apparatus that we devised allows a straight groivth of the radicle 
The following is its description (Plate I, fig 3) It consists of a fairly ivide glass 
test-tube of 1 2 mm diameter and of 6 inches height A narrow glass tube of about 
5 rnm diameter and of mches length is taken At one end of it a small rubber ring 
IS fitted This rubbei ring serves two purposes One m keeping the tube straight 
when it IS put in the test-tube and the other in allowing a good stage foi the seed to 
rest after the narrow tubes are put into each of the test-tubes, the latter have been 
filled with the physiologic nutrient solution up to the rubbei ring The nutrient 
solution employed is Sach’s solution which contains 
Pot nitrate 1 gramme 

Sodi chloride 5 grains To this a weak solution 

Calc sulphate 5 grains I of ferric chloride is 

Calc phosphate 5 giams | added 

Dist Avatei 1,000 c c J 



K N Muithi and P John SwuJaui Pan 45 

This luitncnt cohidon when diluted with an ('tuinl quantity of distilled water 
seemed best to promote firowth of onr •-eedlnifis In deteimmmg this w'c had 
occasion to compare the rates of prowtli of I catiaixi in pure distilled water 
and in Rseh s ‘•olution both in the nuubntor at ‘I7°C and outside at 20°C to 32°C 
under identical conditions This work ocdipicd a considerable amount of our 
time 

Different sets of G tubes each were taken using Sack’s solution for one set ns 
controls and in the other ‘•ets difTerent ‘•era of pernitioiis anaemia, secondary anremia 
and normal serum in a arj mg dilutions ] in 50 to! mlOOfoi each, and m some 1 in 
200 Thus altogether four sets of tubes arc alwn} s put up (Plate II, figs 4 and 5) 

(1) Sacli’s solution alone 

(2) Sack’s solution plus PA serum ] in 50 dilutions 

(3) Sack’s solution plus PA serum 1 in 100 dilutions 

(1) Sack’s solution pins SA serum 1 in 50 dilutions 

(o) Snell’s solution plus S A scrum 1 in 100 dilutions 

Bj prcMous determination by clinical and other laboratory tests conducted 
at the General Hospital, Iflndras, a distmttion was made between seconder} anaemia 
and pernicious anaemia Clinical conditions combined with aclilorli} dna a high 
colour index, a low halomctcr reading (Eve’s) and an indirect positive van den Bcrgli 
were the criteria employed in our diagnosis of a case of pernicious anaemia The 
secondar}' anaemia scrum was invariably taken from persons that had ankylostome 
infection to avoid any doubt of the nature of the anaemia Normal serum was taken 
from healthy individuals and also at times from patients in the hospital that came 
for some ailment other than anaemia and weakness The blood is drawn from a 
vein with a sterile s}Tingc and put m a long sterile capsule It is allow'ed to clot 
and the serum is gently separated from the clot with a long pipette and put in a long 
sterile capsule This was sealed with wax and allowed to remain in the fngidaire 
Some difficulty is always experienced in separating the sera in case of pernicious 
anaemia Sometimes a certain amount of lysis is seen in the tubes containing the 
blood of pernicious anaimia The seium lesed for our experimental purposes was 
the one taken tlie previous day We had occasion to compare the results of fresh 
sera witli sera that have been kept in the fngidaire for over a week Our results 
m every one of our experiments are identical and therefore we are encouraged to 
collect sera and preserve them for our further experimental study We always 
kept a certain amount of serum in stock and found it to be not at all deteriorated 
or to give results different from those when it is used afresh We carefully 
selected seedlmgs with tap roots of almost equal lengths with the idea that the 
stimulus of germination in all of them was given almost at the same time Our 
experienci is that though selected seedlings of the same weight are taken when 
allowed to germinate under identical conditions, some did not develop the same 
length of root as the others durmg the same period This we believe to be due to 
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the delay of the stimulus received by the seed to germinate After selecting the 
seedlings, each of them is tiansforred to the rubber iing stage of the tubes either 
Mith the aid of a forceps or fingers TJic seed rests upon the ring and the radicle 
dips into the solution "W ith a grease pencil a mark is made on all the test-tubes , 
the mark indicating the correct position of the tip of the root The whole apparatus 
IS left m a large wire cage at the room temperature In our earlier experiments 
we were put to the necessity of using the wire cage because ne weie troubled by 
rats completely eating away all the germinating seeds At the end of 24 hours the 
elongation of the radicle of the respective seedlings was measured and marked 
The growth of the seedlmgs in the several tubes was taken from day to day for three 
consecutive da 3 's, and arranged in tabular form After tlie third day we found a 
few secondary rootlets growing and obscuring the mam root and in some the tap 
root almost reached the bottom of the test-tube, especially in the control tubes 
We are convinced that by the third day we could pronounce our results Our 
readings are taken from the bottom of the rubber ring to the tip of the mam root 
Daily growths of all the seedlmgs are noted in the controls and in the different sera 
The followmg are some of our readings (mde Protocols I, II, III, IV, V, VI and VII) 
In order to eliminate every source of error and more particularly the personal 
factor m the measurements of the root, samples of different sera were given to the 
second author without the clinical and laboratory diagnosis of the case from which 
they were obtained It is very gratifymg to note the data obtamed from the experi- 
ments are m accordance with our clinical and laboratory findings 

In all we dealt with about 32 cases Pernicious anaemia 9, secondary anaimia 
10, and normal 13 cases For pernicious ansemia serum with different strengths, 
18 sets of tubes were made use of, for secondarv anaemia 20 sets, and for the normal 
26 sets We found almost in every one of our experiments the growth of the root 
m the sera of pernicious anaamia distinctly retarded, secondary anaemia allowed a 
fairly long growth of the tap root and in the normal sera the growth was normal as 
compared with the growths containing nutritive solution alone In all the experi- 
ments the nutritive salts are exactly the same , the seedlmgs are kept under exactly 
the same conditions and so any difference m growth is therefore to be attributed 
to the unknown factors m the sera of pernicious anaemia cases AVith the data 
of the measurements of the roots before us, for convenience of expression the ratio 
of growth m any unknown medium as compared with the growth of the control 
seedlmgs m normal Sach’s solution is expressed m percentages and is spoken of 
as the mdex of coefficient of growth The average coefficient of growth m normal 
blood serum taken from 13 cases is found to range from 69 to 86 per cent On 
the other hand the indices of growth obtained with samples of pernicious ansemia 
are different It was found to range from 25 to 45 per cent giving an average 
coefficient of 35 per cent Such a retardation in growth indicates fairly conclu- 
sively that the blood of patients suffering from pernicious ansemia contams some 
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toxic substfliicc or coinotlinit' lacKmp in if flint is not conducnc to the giowth of 
the ridiclc Our experiineiifs ns those of JIntlit clcnrl^ point out tlie experimental 
cMclciice of the presence of flic toxin or n dcficienc\ in the discn&c, though the 
nature of the toxin or deficIcn^^ is so fir unknown The difTerenee betivcen the 
normal serum and that of pcrintious aiiromia is so striking that the second author 
could diagnose the latter condition, when unknown samples of blocd arc given to 
bun for experimental jiurposes Wc could further snj that the serum of the 
sccondar\ anamiia could also be diagnosed from normal and pernicious anaimia 
cases Therefore wc agree with Macht that the ‘ phjtopharmacologic examination 
not onh has been found useful m demonstrating the toxic aetiology of primar) 
anaemia but is also of practical aid m the differential diagnosis of that condition 
We hn\c also found that the scrum of pernicious anremia retains its toxicity for 
a long time when kept in the frigida’rc 

An attempt made with the kind assistance of Dr JI J S Pillai, Radiologist, 
Goi ernment W-Rs} Institute, Jladras, to detoxicate this poison in the sera by 
ultra-violet radiations with plain glass test-tubes exposed to the radiations at 
different time inter\als on consecutue da}s has not given us satisfactor\ results 
The cause of such wo discovered to be due to the small amount of the area of the 
surface exposed to the radiations and to not using (piart/ containers, glass being 
impermeable to ultra-violet radiations We hope to repeat these expeiiments 
using quart/ containers for irradiation purposes 

Our investigations must still be regarded as m the experimental stage but we 
are convinced that more information will be forthcoming if this line of inquiry is 
undertaken 

Our thanks arc due to hir C J Jayadev, M a , Demonstrator in Biology, 
for his assistance We also tliank Colonel G E Malcolmson, IMS, Professor of 
Medicine, and First Physician, General Hospital, Madras, and Colonel J M Skinnei, 
IMS, Superintendent, General Hospital, Madras, for their keen interest m the 
experiments and encouragements and suggestions they had given Our thanks 
are also due to Dr M J S Pillai for liis help in securing the photographs 
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Plati I 



Tig 1 — 1 Seeds of Vitjnfi cntinmi 

2 Sce<lliiics of the ‘'iime at different lioiirs of grow tli 



Fjg 2 — Sohonjalm’s apparatus m 3 parts 

1 Porcelain siovo plate 2 Glass bowl 3 Felt cover with thermometer 



3 — ^Apparatus devised by 
the author 
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NOTES ON SOME INDIAN SPECIES OF THE GENUS 
PHLEBOTOMVS 

Part XXX. 

DIAGNOSTIC TABLE FOB THE FEMALES OF THE SPECIES 
1H5COBDED FBOM INDIA 

B\ 

Ln UT -Coi ox> L J A SINTON, m d , r> sc , i m s 
{From (he Mah)ta Stnicy of India, Kasavh) 

[Received for pvsblicalion, February 20, 1032] 

More than 20 years ago Annandale (1910) drew up a diagnostic table for tbe 
seven Indian species of Plilchotomvs then hnovTi to science This table was based 
upon such characters as colour differences and variations in wing venation, features 
now known to be nnrcbablc in many eases Smton and Barraud (1928) constructed 
tables for the differentiation of the females of the five common ‘ erect-haired ’ 
species vhich appeared likely to be associated m India with the transmission of 
disease to man, namely P sergenh, P papatasit, P major, P argentipes and 
P chnensis These tables were based on such reliable characters as the morphology 
of the pharynx and the spermathecas There are however now on record 27 species 
and 6 varieties of Phlebotomits from India but no table has been piibhshed to include 
all these Since the synonymy of the Asiatic species was cleared up (Smton, 1928) 
and more complete exammations have been made of the different species, it is now 
possible to make a comprehensive table to include all the females of this genus 
recorded from India 

The Indian species of Phlebotomus may be placed in 3 mam divisions — 

A The Erect-haired Division 

The members of this division have always some erect hairs on the dorsal aspect 
of segments II to VI of the abdomen * The heavily chitimzed parts of the bases 


* Ereot hairs occur on the dorsal aspect of the let abdonunal segment of all the recorded Indian 
species 

( 55 ) 
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of the sperraathecje of the females of this division are segmented m their entire 
lengths'* (cf Plate III, figs 4, 10, 12, etc ) 

The species m this division may he arranged into 2 groups — 

Gioup 1 The erect abdominal liairs are numerous, usually occurring m tufts 
at the distal ends of the segments , dorsal recumbent hairs very scanty or absent 
on abdominal segments II to VI , buccal armature and pigmented area absent 
or very rudimentary , the spermathecal chitimzations and male hypopygium 
usually havmg specific characters and the pharyngeal armature showmg a useful 
diagnostic morphology This group mcludes — 

1 P pnpatasii Scopob, 1786 

2 P argenhpes Annandale and Bmnetti, 1908 

,, var margmahis Annandale, 1910 

3 P major Annandale, 1910 

„ var gnseus Annandale, 1911 

4 P clnnensis Newstead, 1916 

5 P seigenti Parrot, 1917 

„ var alexandrt Smton, 1928 

6 P newsteadi Smton, 1926 

7 P colahcensis Young and Chalam, 1927 

8 P maynei Smton, 1930 f 

9 P eleanorcB Smton, 1931 f 

Group 2 In this group are mcluded the species with scanty erect hairs on the 
dorsal aspect of abdominal segments II to VI, such hairs are often confined to 
segments II and III more especially m the male , dorsal recumbent hairs usually 
numerous , the buccal armature and pigmented area usually well developed and 
with specific morphology In this group are the following species — 

10 P hosptUx Smton, 1924 

11 P chnstopliei s% Smton, 1927 

12 P clydei Smton, 1928 

B The Recumhent-hmred Division 

In this division the dorsal abdommal hairs on segments II to VI are all recum- 
bent , the body of the spermathecal chitimzations usually with a smooth outline 
(Plates rV and V, figs 40 and 47) and any traces of segmentation, if present, are 
confined to the distal end (Plate IV, fig 29) The buccal armature and pigmented 
area are usually well developed and have a specific morphology This division 
contams two groups • 

* The term ‘ spermathecas ’ m the diagnostic table refers to these chitimzations {vide Appendix I) 
t The females of P maynei and P eleanorce have not yet been recorded 
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Group 3 In (lie nlorpllolop^ of llic innlo gfiiitalin closely resembles 

tint of P ]?on(l This fironp consisis of — 

13 P wvuilw^ Ilondiiii 1813 

, \ar tiutniiuitwi New stead, 1012 

11 P babu Viinaiidile, 1310 

,, \ar uu/n Annandale, 1311 

Id P afritanu<! Newstcul, 1012 

IG P juoutauu’f Pint on 1021 

17 P ’^horlti Vdler and Theodor, 1027 

18 P barraiuh Sint on, 1020 

10 P baqhdaih'^, Adler and Theodor, 1029 

20 P ifli/yi Sinton, 1031 

,, ear aunpc^lrr Sinton, 1031 

Group 4 The morjiholofre of the male genitalia in this group is distinctly 
different from that of P vi}vvlv<f Ilond The gionp includes — 

21 P zetjtaiucus Annandale 1910 

22 P Imnahycn^is Annandale, 1910 

23 P malabaricus Annandale, 1910 

24 P stjlicsliis Sinton, 1924 

25 P ptim Sinton, 1931 

26 P arboris Sinton, 1931 

C Intcrmedxale Gioup 

Only one species, P squamipleuns, is contained m this group This species 
may show a few erect hairs on the dorsal aspect of some of the abdominal segments 
from the Ilnd to Vlth, but more usually all the hairs are recumbent in this 
position The spermathecal chitmizations are not crenulated but show a series 
of transverse rows of short spines (Plate IV, fig 26) This species differs 
from all the other described species in that the thoracic pleurse carry tufts of 
broad scales like those seen in mosquitoes, m the unilateral geniculate spines 
on the antennal of the female, in the absence of these spines on segment 
IV and in the presence of Newstead’s sensory spines on both the 2nd and 3rd 
palpal segments 

27 P squamipleuns Newstead, 1912 

The study of sandflies m India has been confined to a few workers, chiefly on 
account of the difficulties met with in makmg accurate determinations of species 
It is hoped that the table published here will help to solve this difficulty and will 
lead to a more extensive study of this important genus To facilitate this work 
among students unfamiliar with these msects, an explanation of the terms used 
m the table is given m Appendix I and some notes on the mountmg and study of 
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specimens are given m Appendix II A rough guide to the recorded distribution 
of the different species in India is given in Appendix III 

TABLE FOR THE TDENTIFICATrON OF THE FFAIALES OF THE IHDIAN 
SPECIES OF THE GENUS PHLEBOTOMllS 

1 Species mth erect hairs on the dorsal aspect of some of rhe 


abdominal segments from n to r\'^§|l 2 

Species mth no erect hairs on the dorsal aspect of anj* * * § of 
the abdominal segments fiom II to VI 13 

2 Species iiith numerous erect hairs on the dorsal aspect of 

the abdominal segments from II to VI , buccal arma- 
ture and pigmented area poorh developed or absent ** 3 

Species mth scanty erect hairs on the dorsal aspect of 
some of the abdominal seguients from TI to VI 10 

3 Spermathecae short and sausage shaped, each mth not 

more than 8 segments (Plato III, fig 4) 4 

Spermathecie longer, mth characteristic morphology and 
each with more than 8 segments (Plate III, figs 8, 10, 

12, 13, 16 and 18) 6 

4 Third antennal segment distinctly longer than half length 

of proboscis (Plate IIT, fig 2), wings volummous , 
lateral pharyngeal teeth not very markedly oblique 
(Plate III, fig 6) , spermathecte with 3-5 segments 


(Plate III, fig 4) P. sergenti. 

Third antennal segment distinctly shorter than half length 
of proboscis (Plate III, fig 3) , wings small , lateral 
pharyngeal teeth with distinct oblique inclination 
(Plate III, fig 6), spermatheca with 6-8 segments P. scrgcnti var 

alexandri. 

6 Body of spermatheca momhform in its entire length 
(Plate III, fig 8) , pharyngeal armature well developed 
(Plate III, fig 7) P. newsfeadi. 


* The author will be glad to give any assistance in the identification of specimens sent to 

him 

3 Workers should make themselves thoroughly familiar with the evplanation of tenns used in 
the Table by a careful study of Appendix I 

J To facihtate the identification of specimens which have been poorly mounted, m most mstanees 
several diagnostic characters have been given As it is difficult to give a written description of maiij 
of the characters, the workers should consult the figures on all occasions 

§ Read carefully the note on erect and recumbent hairs given in Appendix 1 

I) The bodies of the spermathecce m all these species is markedly segmented, except in P sipiamt 
pleuris This last species has occasionally a few erect dorsal hairs, hence it has been included lu two 
places m tbe Table, vide Nos 10 and 19 

^ The bodies of the spermathecie m these species is mamlj' smooth and oval or sausage shaped 
(Plates IV and V, figs 40 and 47) If any traces of segmentation are present they are confined to a few 
faint stnations near the apical end (Plate IV, fig 29) The uudesenbed female of P arhons 
probably belongs to this group 

** The uudesenbed females of P maynei and P eleanora: belong to this group 
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BckIj of siiprnindicrn iiol monihform (PIn(o III, 
%■> 10, 12 n 10 nml IR) 

0 Spcrnmtlipca wifh largo ‘ Iiond ’ nnd no ‘ ncol ' (Plnfc III, 
fig 101, I'linrv nci il nniinliirc n nolwork of fiiio uaw 
Irnii'ror-o Imos (Pinto III fic 0) 

Spormatliccn ^^ltIl minll ‘ Itoml n't on * nock ’ (Pluto III, 
fic>! 12, 13, 10 nnd lb) 

7 Rpcrraatlicon nilh long 'nock’ (Plnte III, fig 12), 
pimnngnl nnnnliiro conn‘<Uiig of sliorl trniih^owo 
linos innd( np of fino |Kiii)ts (Plitolll lig 11) 
S])ennntliccn nilli t.1iort ‘ncok’ (Plnti III, fig« 13 10 
nnd IS), plmr\ iig( ’ll nnnnturc npponring ns long conti 
nnous tmiisiir-p ciinod Inns nt Itnse iiitli obiioiis 
loctli nboiit l1 1 niiddic line untonorh (Plate III, 
figs 1 1 nnd 1 7) 

S Spcminlliecn fiisifonti mill stnntions forming trmngnlar 
nreas nt mnrgms (Pinto III, fig 13), plinrsn\ Inrgc 
nnd innrkcdK flnsk slinped mtli nrmoturc consisting 
of Jsige tccili nbout middle line nnd snniller tcctli 
Intcralh (Plnlc 111, fig 11) 

Spcrmntlieon cnrrol sliupcd mtb trnnsierac stnntions 
(Pluto III, figs 10 nnd IS), pbnr\n\ not iiinrkcdlj 
flnsk shaped, irith nrninturo shotting amnll teeth about 
niidfUc lino nnd few or none Intcralh (Plate III, 
fig 16) 

0 Spermntlicca ver^ marl cdl^ carrot shaped n ith largo 
apical segment (Plato III, fig 10) , short sperniatliocal 
ducts, each onl^ about twice length of bod^ of organ , 
stciiinl tubercle narrow (Plate 111, fig 17), geniculate 
spines couipnrntiveh short, Xowstcad’s B))inc8 
scattered o\er middle third of 3rd palpal segment 
(Plate III, fig lOA) 

Spcrniatheca not so markedly carrot shaped w ith small 
apical segment (Plato III, fig 18) , long spcrmathccnl 
ducts each about 4 times the Icngtli of the body of the 
organ , sternal tubercle broad (Plato III, fig 19) , 
gemoulato spines long , New stead’s spines grouped near 
middle of 3rd palpal segment (Plato III, fig 17A) 

10 Spermatheca turnip shaped and unsegmented (Plate IV, 
fig 25), well developed buccal and pharyngeal arma 
tures (Plate IV, figs 24 and 26) , grouxis of wide scales 
on thoracic plouras , antennal formula 1 over IV-XV , 


P. papatasfl. 


P. major.* 


P. clilnensis. 


P. argentlpes.f 


P. colabaensts 


0 


8 


9 


*Anuaudale (1911) desonbed a vanotvol P major which is ‘ distinguished from the typical form 
by the general greyish or brownish (instead of golden) colour ’ , ‘ the two varieties are easily distintruished 
by the naked eye ’ This dark form he named P major var grmua There appear to be no morpho 
logical difieronces between this and the type form 

t Annandale (1911) described a colour vanetj of this species, P argtnhpM var mnrqmalus 
which IS ‘distmguished from the typical form by the fact that the dorsum of the thorax ig bromi 
mstead black and the sides of the thorax darker than in the typical form ’ No morphological 
difierenees have been determined to separate this vanety from the type form “ 
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11 


12 


13 


14 


15 


16 


17 


18 


Newstead’s spines prcsenl on both 2ncl and 3rd palpal 

segments (tide No 10) p, squamipleuris, 

Spermatlicca elongated, snnsngc shaped nith about S-10 
segments (Plate III, fig 21) 


Buccal armature, pigmented area and pbnr^ngcal 

armature poorly dc\ eloped (Plate III, fig 20) P. christophcrsi. 

Buccal arnintnro and pigmented area uell developed 
(Plates III and IV, figs 23 and 2S) 

But cal armature uitli about 10-1 > teeth and pigmented 
area uith pointed tail (Plate HI, fig 23) , poorlj dove 
loped pharyngeal aimature (Plate III, fig 22) P. Clyde!. 

Buccal armature inth about 50-00 teeth and large pig- 
mented area u ith truncated tail (Plato IV, fig 2S) , 
better developed pharyngeal armature (Plate IV, fig 27) P. bospifii. 
Pigmented area poorly developed or absent (Plate 
figs 30 and 35) pharyngeal armature poorly dove 
loped as transverse ridges ivitli small teeth, or some- 
times a few longer spines 
Pigmented area well developed 

Buccal armature consistuig of a single regular row of teeth 
and with narrow elongated pigmented area (Plate IV, 
fig 30) , spermatheca may show a few famt apical 
striations (Plate IV, fig 29) P. purii. 

Buccal armature consisting of 2 or 3 rows of small 
scattered teeth (Plate IV, fig 35) , spermatheca resem- 
bling that of P moniamis (Plate V, fig 47) 

Pigmented area absent (Plate IV, fis 36) P. bally i. 

Pigmented area small, angular, solid looking P, bailyi "^ar 

campesfer. 


Buccal armature with marked notch on posterior border 
of buccal plate (Plates IV, figs 32, 33 and 34) , pharyn- 
geal armature with numerous long teeth (Plate IV, 
fig 31) 

Buccal armature mth no notch on plate (Plate PI'’, 
figs 36 and 37 and Plate V, figs 43, 45, 48, etc ) 

Buccal armature with about 30 teeth (Plate IV, fig 32) P . babu.* 

Buccal armature with about 16-18 teeth (Plate IV, 

fig 33 ) P. bagbdadis.t 

^uceal armature with about 10-14 teeth (Plate IV, 

fig 34) P* shortti.f 

With pharynv markedly dilated posteriorly (Plate IV, 
figs 26, 41 and 42) 

With pharynv not so markedly dilated (Plate V, 
figs 44, 46, 49, 51, 53, 54 and 66) 


11 


12 


14 

16 


15 


17 

IS 


19 

21 


* Annandale (1911) described a variety of this species, P bahu var mqer, ‘ which is darker than 
the typical form and as a rule larger ’ This variety was taken at Pusa in Bihar and an examination 
of similar specimens from this place revealed no structural differences from the type species 

These tw o species are closely related to P babii, but on account of their morphology and distn 
bution they have been retamed as species and not placed as varieties 
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I'’ Pigmcnlcil nrrn long mill o\ III or Iipmi‘ii>h('ncnl niiil Imccn! 
nrm^lu^c with con\('\it\ Imrhwnrili nlw ninrl od 
Intoral hiiccnl (irotiihcrntirri (I’lnlo IV, fie 21) , phiir\ ii 
gcil nrmnturc \\i‘h lone linn twtli (Plate IV, fi" 2fi), 

Kpcnimtlicrn turnip slmprd (I’iate I\ , fig 2'») (ik/c also 

Xo 10) P squamlplcurls. 

Pigmented area !>liort and o\a!, liiucal armature with 
conca\it\ IneKwardi no marhed lateral Iniccal prnlu 
hcrancca (Plate IV, fig<< OO and ‘)7) abort stout 
plmiangcal spinra (Plato IV, fipa tl and 12), aperma 
theca pipe ahajied (Plato IV fig 10) 

20 With no decji notch on posterior border ol phar\n\ 

(Plate IV, fig 11) , Illnl antciiiial 'ogment long (more 

than O0^() (Plate IV fig 00) P. minutus. 

W ith deep notch on posterior border of pharj ii\ 

(Plate TV, fig 42) , Ilird antennal segment abort (leas 

than 00;i) (Plate 1\ , fig OS) P. minntus \ar 

antennatus 


21 Buccal armature with 12-20 teeth (Plate V, figs 40 

and 4S) 

Buccal armature with more than 20 teeth (Plato V, 
figs 4'), 00, 52, "O and 57) 

22 Buccal teeth w idols separated, pigmented area broad 

with short tail (Plato V, fig 43) large wide pharjn\ 
markedh constriolod poatenorh, showing poorly 
developed teeth (Plate V, fig 44) 

Buccal teeth m contiguoita row, pigmented area narrower 
w ith long tad (Plate V, fig 48) , small narrow pharynx 
not markcdlj constricted poalcriorlj, showing well 
de\ eloped teeth (Plate V, fig 40) 

23 Vt ith several row s of small lateral teeth in buccal armat urt , 

pigmented area with posterior jioiiit and broad tail 
(Plate V, fig 45) , pharynx narrow with many 
teeth (Plato V, fig 4G) 

With only one row of buccal teeth (Plato V, figs 50, 52, 
55 and 57) 

24 With numerous long pharyngeal teeth (Plate V, figs 51 

and 53) 

Without numerous long pharyngeal teeth (Plato V, 
figs 64 and 56) 

25 Pigmented area concave postcnorly (Plato V, fig 50) and 

narrow pharynx with comparatively few teeth 
(Plate V, fig 61) 

Pigmented area convex posteriorly with small projection 
(Plate V, fig 62) , broadei pharynx with maiiv long 
teeth (Plato V, fig 53) 


P. zeylanlcus. 


P. malabarlcus (’)* 


P. montanus. 


P. africanus. 


P. barraudi. 


20 


22 


23 


24 

25 


26 


-aese are the females described by Smton (1927) as probably P imUbancuB from Assam 
itostil regimes confirmation by tho examination of females from the same area where the type males 
ere collected, i e . Travanoore, S India, below the Western slopes of the Western Ghata^^ 
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26 Witli about 80-100 buccal teeth arranpod in a line slight- 
ly convex backwards and uuth triradiate pigmented 
area (Plato V, fig ■55) , numerous stout, short, phar\ n- 

geal teeth (Plate V, fig 64) p. himalay ensis. 

With about 25 buecal teeth arranged in a line distincih 
concave backu ards and m ith mop liko pigmented area 
(Plate V, fig 67) , ridged pharjngeal armature 
(Plate V, fig 66) p. sylvestris. 

APPENDIX I 

Explanation of the Teems used in the Table 
A Elect and Eeewnbent Hairs 

The hairs are erect on the dorsum of the 1st abdominal segment of ah the 
known Indian species of Phlehotoinus, while those on the other segments may he 
all erect, all recumbent or mixed erect and lecumbent The character of the bans 
on the dorsal aspect of the abdomen from Ilnd to Vlth segments forms a very 
useful starting point in the identification of the females of the Asiatic species of 
Phlebotomus In unrubbed specimens"’' this character is easily distmguished, but 
in specimens m which the dorsal abdominal hairs have been displaced it may be a 
matter of difficulty This difficulty may, however, be overcome by an exammation 
of mounted specimens under the microscope to determine the nature of the scars 
left by the detached hairs The scars left by erect hairs are much larger and more 
refractile than those left by recumbent hairs (Plate III, fig 1) The scars left by 
the former hairs are also more circular or oval than those of recumbent hairs, which 
haye a more elongated outlme (Plate III, fig 1) One can become familiar with the 
appearances of these scars by comparing those on the dorsum of the abdomen of an 
erect-haired species (P papatasii) with those on a recumbent-haired specimen 
(P babu) or perhaps better by examining the female of a species with both types 
of hair on the dorsum (P hospitn, P chnstophei si and P clydei) 

B Sternal Tubercles 

These are two small sickle-shaped tubercles arising from the front of the thorax 
between the front coxae (Plate III, figs 17 and 19) 

C Antennce 

The length of the Illrd antennal segment has been used m differentiatmg 
P sergenti from its variety alexandn (Plate III, figs 2 and 3) and P minuius from 
its variety antennatus (Plate IV, figs 38 and 39) 


* This character is better preserved m specimens stored drv than in those stored in alcohol 
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Tlir qrviculatc ’tpjvc’^ nrc cuncd ■opines nrisiiip from the sides of the antennal 
‘scfTineni'^ (Plate III, fip 2 G) These spines nrc usually present on the antennal 
segments from the Illrd to XVth The ‘ antennal formula ’ is expressed by means 
of a kind of fraction nhicli has as numerator the number of geniculate spines (1 or 2) 
situated on the diifercnt segments and for denominator the numbers in order of the 
corresponding segments The nnteniinl formula of most of the females of the 
PJilcholowvs from India is 2 oaer III-XV but P oqummplcuris diScvs from all the 
others in that it has a formula of 1 o\cr IV-XV, i e , a single geniculate spines on 
each segment from the lYth to XVth 

D The Palp 

The ‘palpal formula’ is made bj writing in order of increasmg length the 
number of the palpal segments If two segments are of equal length they are 
grouped in a parenthesis and are placed in anatomical order and in order of their 
common sire as compared with the other segments 

Xewstead’s spines arc ‘ a compound group of minute and curiously modified 
spines found on the 3rd palpal segment ’ Tliey have each usually a long curved 
pedicle wuth a spathulifomi end (Plate HI, figs IGA and 17A) In P sqaavnplevns 
these spines are found on both the 2nd and 3rd segments of the palp The number, 
position and distribution of these spines may be useful in diagnosis 

E The Buccal Cavity 

The pomts of interest m the buccal cavity are — 

(а) The buccal armature wdiich may consist of (^) a single curved row^ of conti- 
guous teeth (Plates III and W, figs 23 and 28) or (^^) a single row of separate teeth 
(Plates III and IV, figs 20 and 30) or (^^^) a single row of contiguous teeth with a 
double or treble row laterally (Plate V, fig 45) or {iv) one or more rows of small 
scattered teeth (Plate IV, fig 35) The row of teeth is usually arranged with the 
concavity backwards (Plate IV, figs 32 and 36) but sometimes with the convexity 
in this direction (Plate IV, fig 24) These teeth be on the floor of the posterior 
part of the buccal cavity The buccal armature is very poorly developed or absent 
in the species with numerous erect hairs on the dorsal aspect of the abdomen, but 
forms a very useful diagnostic feature m other species 

(б) The pigmented area is an area of dark chitin on the dorsal wall of the 
cavity overlappmg and extending anterior to the buccal armature (Plate III, 
fig 23 P) Its size and shape are important m diagnosis It is absent m all the 
species with numerous erect hairs on the abdomen 


* The mid pharynx of Patton and Handle (1928) 
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(c) The buccal plate is seen near the rools of tlie tcetli of the armature It 
has usually a smooth posterior outline \Mth a baclvA\ard concavity, but m some 
species it may show a marked notch in the middle line, vhich is very characteristic 
of the females of P habv, P baghdadis and P shorlli (Plate IV, fius 32 N, 33 N 
and 34) 

{d) The lateial buccal protuberances (Plate IV, fig 24 L) are seen as marked 
chitmous masses projecting inwards from the lateral walls of the buccal cawty 
anterior to the armature They are w^cll marked in P squaintpleurts 

P The Pharynx " 

This organ forms the backward continuation of the buccal cavity and varies 
in size, shape and the degiee of expansion of the posterior end (Plate IV, figs 27, 
31 and 42 and Plate V, fig 44) It is composed of three chitmous plates and m 
transverse section it is triangular, the dorsal plate lymg horizontally The posterior 
parts of all three plates carry an armature composed of ridges or spmes, but in 
speakmg of the ‘ pharyngeal armature ’ that of the dorsal plate is understood 

The pharyngeal armature may consist of (a) a series of transverse fines composed 
of fine pomts (Plate III, fig 11) or (6) a series of transverse ridges which may carry 
a few small blunt teeth at their free edges (Plate V, figs 44 and 66) or (c) teeth of 
varying size and shape projectmg backwards (Plate III, figs 6, 14 and 15, Plate IV, 
figs 26, 27, 31 and 41 and Plate V, fig 47) 

G The Spermathec'ce 

These organs fie m the posterior part of the abdomen They each consist of a 
smgle thm-w ailed, sub-spherical sack and are relatively very large , at their junc- 
tion with the duct they are strongly chitimzed The stiuctuie of this chitinization 
of the organ shows a characteristic morphology in many of the species of the ‘ erect- 
haired group’ (Plate III, figs 8, 10, 12, etc) In speakmg of the speimathecm 
in the diagnostic table this chitinization is referred to In all the Indian species 
which have erect hairs on the abdomen, except P squamtpleuris (Plate IV, fig 25), 
the chitmous part of the organ shows segmentation in its entue length In the 
recumbent-haued division this portion is thm-walled and usually smooth (Plates IV 
and V, figs 40 and 47) but occasionally a few famt traces of striation may be seen 
near its apex (Plate IV, fig 29) 

The spermathecal ducts may open separately mto the vulva, as m P chinensts 
and P papatasii, while m other species they may unite to form a common duct 
before reachmg the surface, as m P major, P argenhpes andP colabaerisis The 
relative lengths of these ducts may be helpful m diagnosis 


* Joljling (1928) states that morphologically this portion of the alimentary tract is really the 
oesophageal pump not the pharynx 
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APPENDIX II 

i\IrTnoDS oi CoLircTiON, Rtoract anp Jlou^TI^c or Specimens 
Tlic following notes nre gi\on in the hope llint they may aid w'orkers in the 
stiidv of ‘ sniidflies ’ 

(«) Collection 

These insects are of ver> small size (about 1 5 to 3 mm in length) and of an 
inconspicuous grcsish, ^cllo^\^sh or brownish colour Sian)’' species do not appear 
to bite nnn but to feed on other mammals, birds or reptiles If one of the local 
species has a predilection for the human host, its presence is usually brought to 
notice In its Mrious biting propensities, but in areas where such species are rare 
‘ sandflies ’ ma) be reported as scanty or absent Their small si/e makes them 
easih oierlooked The position of the wings, which are in most species carried 
erect and dn ergent at an angle of about 45 degrees to the body of the insect, as well 
as their curious hopping flight, makes their appearance characteristic After a few 
specimens have been carefully observed in the live state, theie is usually no 
tendency to confuse them w itli any of the other small msects w’lnch are found inside 
buildmgs 

These msects are usually inactive during the day, but m darkened rooms they 
may bite at any time In wcll-liglitcd habitations during the day-time they usually 
take refuge behind pictures, clothing, wardrobes, etc , or retire mto cracks m the 
walls A favourite habitat is in bathrooms, where the combination of moisture 
with comparative darkness seems especially congenial to them Badly hghted and 
poorly ventilated cowsheds and stables are other favourite haunts Some of the 
wild species are collected m hollow trees or cracks in rocks Some species, such as 
P sqmmiplevris, are strongly attracted by artificial light, while others wdl collect 
on the walls just outside the area of intensive light from a lamp 

If living specimens are required, a wide-mouthed test-tube about 1 to 1^ inches 
in diameter and 7 or 8 inches long has been found the most suitable thing m which 
to catch these msects ^^Hien the insect has been covered by the tube, if a piece 
of stiff paper or cardboard is slipped carefully between the tube and the wall, the 
insect IS secured alive and dealt with as desired The aspirator described by Buxton 
(1928) IS also a very useful instrument 

If living insects are not required the specimens caught by any of the above 
methods may be killed with tobacco smoke, but for routine work the tube described 
by Christophers, Smton and Covell (1931) seems the handiest These tubes are 
prepared as follows — ‘ Take a large test-tube with a weU fittmg cork, and place a 


* In an earlier publication (Smton, loai) these methoda were desciibed As this publication is 
not always available and certam improvements m technique has been evolved since that time the 
methods are again summarized here ’ 

J, MR 


6 
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niimbci of rubber iings oi small pieces of rubber tubing in the bottom A fevr 
c ems of cliloroform are poured do\Mi tlic side of the tube and are absorbed by the 
rubber , any excess tliat may remain after a feu minutes is poured off A small 
plug of cotton-wool mapped in gnu/e is pushed domi upon the rubber rings, and 
above this a tliin peiforated disc, cut from the coilc winch is used to close the tube 
The latter is a useful addition, as it makes it cas} to transfer the dead insects to 
another receptacle bj' simpl} mvcitmg the test-tube A tube thus charged will 
remain effective for some weeks Insects should not be left m the tube longer 
than IS necessaiy to kill them, but when dead should be transferred to an ordinary 
specimen tube with a numbered cork ’ or to the storage tubes described below 

(b) Storage 

The best method of stoiage, in my experience, has been to use a small piece 
of glass tubing about H inches long One end is plugged with cotton-wool and the 
dead insects are poured into the open end This is tlien closed by puslimg another 
piece of wool into it with a match just sufficiently far to prevent the msects shaking 
about without crushing them The cotton-wool at each end of the tube is touched 
with a little carbolic acid to protect the specimens 

A piece of paper with a pencilled note of the locality, date and any other essen- 
tial details IS pasted on the outside of the tube The tubes can be stored in cigarette 
tins, and, as an additional precaution against moulds and predatory msects, a piece 
of cotton-wool soaked in creosote or pure carbolic acid can be placed m the tm 
along with the tubes 

Some workers recommend the preservation of specimens in 70 per cent alcohol 
This method has not been found satisfactory and seems of use only when specimens 
are required for section, etc Insects preserved m spirit are liable to lose their 
colour They also become very brittle so that the appendages and hairs are often 
detached m the spirit It has been my experience that specimens preserved for any 
length of time in this manner are very difficult to clear with caustic potash (znde 
infra) 

(c) Mounting and PrefazaUon foi Identification 

The specimens for identification may be either (1) fresh, (2) dr}'-, or (3) preserved 
m spirit or other fixative The method of mounting may be either temporary or 
permanent 

A note should he made, before mountmg the specimens, of the colour of the 
i,nsects, of the presence of scales on any portions of the body where they are not 
usually found, such as the abdomen, pleuiEe, etc , whether the hairs on the dorsum 
of the abdomen are erect or recumbent, the character and arrangement of the 
antennal hairs and similar points of diagnostic importance A binocular dissecting 
microscope is very useful for this purpose 



.7 J Sint on 


67 


(1) Exnminntion of frcsli specimens 

(?) Toinporarj motliods In the ense of ‘ sandflies ’ of nnlvnown identity 
required for dissection to detect the presence of parasites, the method adopted is 
tint rceoininendcd hr Smton slid Bnrraiid (1028) — 

‘The fl\ IS shahen up in a small qiiantit} of saline solution m a test-tube to 
render it thoroushl} wft and to rcmorc is mnnj of the hairs as possible This 
method also kills the insect and nroids the use of chloroform riliich is undesirable 
for this purpose when dissections are to be earned out The insect is then placed 
in a drop of normal saline solution (0 6 per cent) on a slide With dissecting 
needles the head is carefiilh separated from the thorax by placing one needle 
across the base of the head and the other across the front of the thorax exerting 
traction on the head in a forward direction If carefully done, the anterior portion, 
of the ahmcntari tract will be drawn out, still attached to the head and unbroken 
mid-gut ’ The terminal segments of the abdomen are now dissected by nicking 
the chitin with a needle on either side of the abdomen near the genitalia and gently 
drawing out the hind-gut and the spcrmathccpc The hind-gut is cut through close 
to the anus and the terminal segments of the abdomen w’lth the attached sperma- 
theco! are placed in a drop of saline of laeto-phcnol ''' ‘ The remainder of the 
alimentary tract is drawai out through the thorax by exerting traction on the 
head in a forward direction Should it be necessary to dissect the head to 
determine the presence of parasites m the anterior part of the ahmentary 
tract, the head capsule and appendages are removed so as to leave the 
pharynx, buccal cavity and biting mouth parts only, attached to the rest 
of the intestinal canal When a cover-glass is applied, the specific morphology 
of the buccal camty, and pharyngeal armature is easily determined m the sahne 
solution ’ 

In the case of flies not reqmred for dissection, the method of identification is 
as follows — 

‘ The fresh insect is placed m a drop of lacto-phenol and the head and terminal 
segments of the abdomen are separated from the body The head is arranged 
ventral side uppermost, a cover-glass applied and slight pressure exerted If 
examined under a Jth inch objective, the arrangement of the Imes and teeth at the 
base of the pharynx (and the morphology of the buccal cavity) can usually be 
clearly seen, especially if the preparation is allowed to clear for a short time The 
terminal segments of the abdomen are treated m the same way to demonstrate the 
form of the spermathecse, which in case of difficulty can be found by following the 
spermathecal ducts’ • 

Atnann’s lacto plicnol solution consists of carliolio acid (oliemically pure crystals) one part, 
pcerine two parts, lactic acid one part and distilled water one part Liquid carbolic acid may 
be used but is not so good 
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In case it is dosned to make peimanent preparntjons of specimens ivlneli Lave 
been tempoiaiiJy mounted, the specimens arc unshed into a uatch-ghss and treated 
wit]i caustic potash, etc , as dcsciihed belon Specimens mounted m lacto-phenol 
solution mar be preseived b}' ringing nitJi du No 3 cr’s mixture/ but this is not so 
good as the metliod of mounting m Canada balsam 

{«) Pei-maneut methods 

(a) The dead specimen is placed m a natch-glass and wetted with a single drop 
of 70 per cent alcohol f 

(b) The watch-glass is immediately filled with a 10 per cent aqueous solution 
of caustic potash, in which the insect is alloncd to remain oA'^ermght (12 hours or 
longer) t 

(c) Next morning the insect is n ashed by placing it m 3 or 4 changes of water, 
each of which is allowed to act for at least 15 to 30 mmutes to get nd of all the 
alkab § 

(d) After thorough washing, the watei is pipetted off and replaced by a 20 per 
cent aqueous solution of Ziehl-Neelsen’s caibol fuchsm mixture, jj which is allowed 
to act for about 1 2 hours or overnight ^ 

(e) Pipette off half the stain and add an equal amount of absolute alcohol 
Allow this to act for about half an hour 

(/) Pipette off the solution and replace with 70 per cent alcohol 

(ff) Dehydrate in absolute alcohol 


* du Noyer’s mi'stuie consists of anhydrous lanohne 20 parts and coloi>hane 80 parts 
t This makes it sink in the caustic solution, otherivise the numerous liairs make it liable to float 
on the surface and maceration does not occui so well 

t This softens the dry inseet, makes the appendages, which have beconie conti acted and distorted 
in drying, sw ell up to their normal size and shape, and at the surue tinie detaches the majority of hairs 
which otherwise obscure many of the impoitant details in stained sjjeciniens It also dissolves out 
all the non-chitiaous matter and evposes the chitinons structuies which are so important in diagnosis 
This step may be hastened by boiling the insect iii the caustic solution for some minutes and allow mg 
it to stand lu the hot fluid Bettei prepaiations are usually obtained bv the slower method It is 
also au advantage, when the insect has become softened by the caustic solution, to prick the chitin of 
the abdomen and thorav in a couple of places to facilitate the entry of the fluid into the body’ 

§ It IS piefeiable not to transfer the specimen fioiu one receptacle to another hut to keep it in the 
same vessel until ready to tiansfer it to balsam The diflerent fluids are pipetted ofl and rejilaced in 
the various steps of the techmque 

1) Zield hTeelsen’s stem consists of basic fuchsm one part, absolute alcohol 10 parts and aqueous 
solution of carhohe acid {5 per ^cent) 100 parts 

^ Tins step can be hastened by gently heatmg the specimen in the puie stain till the steam nses 
and allowing it to soak m the hot stam for several mmutes This process is repeated tw o or tliree times, 
but aeldom gives as good preparations as the slower method 

** In damp climates it ivill be found that amyl alcohol forms a much more satisfactory 
dehydrant than absolute ethj 1 alcohol 
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(7/) Rcplncc tlip rlcoliol ^M^ll oil of fiirpcnlinc or \)lol’‘ aiul allow to clear 

(i) The nwett is transferred (o a drop of thin Canada lialsain on a clean slide 

(7) Two incfliods HITS lie used for llie fiiillier ariaiigcment of the specimen 
on the slide — 

]\Iclliod J The head is cut off and fraiisferied in a small drop of thin balsam 
about an inch from one end of the slide The head is turned vential side uppermost, 
the appendages disjihTNed and Iht prepaiation co\ eied with a small cover-glass 
The spermatliecre arc drawn oul as described in the preparation of temporary 
specimens and the detached terminal abdominal segments and spermathecos are 
remo\ed to a droji of thin bal«im about an inch from the other end of the slide, 
where thei are arranged tind co\ercd with a small co\cr-glass The remainder 
of the insect is disphued and co\ered B\ this method it is usually possible to 
make good prcpirations, but bettci ones tan be made by method B which is more 
difficult to carl} out 

3 IclIio(l B In this method the buccal cavity, pharynx and speimatliecai 
are dissected out T'or this purpose a di‘-sccting microscope is needed and very 
fine dissecting needles 

The insect m thin balsam is turned on its side, the thorax is steadied wnth one 
needle and the cl}'pcus is transfixed from side to side with the other needle If 
gentle traction is used with the clvpcal needle it is possible to draw out the buccal 
cavity and phar}nx wntli the attached Inpopharynx This manoeuvre requires 
practice and, if skilfully done, should do no damage to any part of the insect except 
the clypeus The extracted parts are placed m a small drop of balsam about an 
inch from one end of the slide 

Turn the insect on its back, being careful not to damage any of the appendages 
in domg so This is liable to occur if the balsam has become thick and sticky 
Make a small nick on either side of the abdominal chitin ]ust proximal to the hypo- 
pygium and, steadymg the insect with the other needle, draw the genitalia away 
with the attached spermathecae These parts are transferred to a small drop of 
thin balsam near the other end of the slide The remainder of the insect is turned 
on its side and, after arranging the wings and other appendages, is covered with a 
cover-glass 

Under the dissecting microscope the buccal cavity and pharynx are arranged 
with their dorsal aspects uppermost and allowed to become fixed m this position 
by the drying of the balsam ’When they are fixed in the proper position a small 
cover-glassf is wetted in xylol and dropped over them This glass is gently pressed 


* Turpentuie does not Peem to make the specimens so bnttle as does xylol The specimen is left 
decolon^^°*'°^ ** microscope to be sufiiciently 

t These are made by cutting a larger glass into 4 smaU squares uith a rvnting diamond 
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into position under tlic disscclm^ microscope so Hint llic diagnostic cliaiactcis 
are displayed In a similai manner flic spoimailicca) arc mounted 

2 Examination of dn specimens 

Dry specimens are wetted with alcohol and macerated witli caustic solution 
as for fresh specmicns After ashing they can be made into temporary prepara- 
tions by the lacto-phenol method or stained and mounted in Canada balsam as 
described above 

3 Examination of specimens preserved in spirit 

These may be treated like di}'^ specimens but do not clear so well in tlie caustic 
solution as do specimens which have not been fixed in spirit 

APPENDIX III 

Geogeavhical Disteibution op Inoiax Species op PMehotonnis 

The geographical distribution of the different Indian sandflies has not yet been 
worked out with any great degree of accuracy, but the following notes may serve 
as a guide to the records at present available 

(а) P papatas^^ is scattered all over the plams of India, more especially m 
those areas where the climate is hot and dry It has been found as fai east as 
Calcutta and as far south as Madras City but is most common in the north-western 
paits of the country This species is the cairier of sandfly fever and is believed to 
transmit Oriental sore in the Mediterianean basm 

(б) P aigenUpes This species is mamly confined to the area east and south 
of a line jommg Bombay and Sunk, but a focus has been found m Kathiawar 
It has also been reported at Rangoon It prefers a warm moist climate and has 
been found at altitudes as high as 4,000 feet (Sanawar, Simla Hills) It is suspected 
to be the earner of kala-azar 

(c) P map) seems essentially a hill species m India, at heights of 5,000 to 
7,000 feet m areas where there is a marked rainfall m summer It appears to occur 
all along the Himalayan foot-hills 

(d) P cJmienszs has a distribution similar to that of P map) 

(e) P mgenPi seems confined to the plains on an area north and west of a 
line jommg Bombay and Simla It is found under conditions like those m vhich 
P papaiasii occurs Its distribution resembles that of Oriental sore P mgenh 
var alexandn has only been recorded from the western frontier of India 

* It IS an advantage not to press tlie glass too tightly on the specimen, because, if a sufficient lever 
of balsam lies between the glass and the slide, old siiccimeiis which have become displaced can be 
manceuvied into position agam by gontly heating the slide and, when the balsam is soft, re arranging 
the specimen bj a gentle movement of the covei-glass 
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(/) P ncii •!lca(h n lull species like P majoi 

{g) P cohbatiiv't lias onh heen rceouled from Bomba} Cit} and from Bissiim 
Kntt lek m llie Yiripijnfam <\f:eiKN of i^l.idras 

(/;) P viatptLi li IS lieen found m Sali.ir.mpoic, U P , and P dcanom at Karnal, 
Punjab 

(?) P hospUn has onl} been recorded m the western foot-hills of the Himalayas 
(j) P clin‘:lophcr'~i Ins been found chiefly m the Punjab 
(/i) P chjila IS recorded wiclel} fiom the plains of India 

(l) P vnmilviy occurs diiefl} m the uoith-wcstcin plains of India, while its 
\arict} anlcmmin'i has a more general distribution over the plams of India 

(?«) P ajricdmt', Ins been found m Sind 

(?;) P habit ‘-cems to have a aer} wide distribution over the iilains and foot- 
hills of the coiintr} 

(o) P baglidaths has been found m the west cm and noith-wcstein aieas 

(p) P sliorlti has been recorded fiom the north-eastein parts of India and from 
Buxmah 

{q) P barrauth has only been found m Assam and Burmah 

(r) P baihjt has a vet} wide distiibution from sea-level up to 6,000 feet 

(s) P moutamis occurs in the western foot-hills of the Himalayas at about 
6,000 feet 

(t) P zcylamcus has been found in many widely separated areas m India It 
appears to be a wild species chiefly associated w'lth jungle and with moist warm 
conditions 

(m) P malabaricus The type males of this species were collected m Travaii- 
core but no further specimens have been recorded from that area Females beheved 
to belong to this species have been found in Assam and at Sahaianpore, U P 

(a) P sylveslns has been recorded from Sukna in the Daijeelmg District, 
where it seems associated with jungle in the foot-hills Specimens have also been 
received from Sylhet and Rangoon 

[w) P hmalayensis has only been found at Kurseong (6,000 feet) m the eastern 
Himalayas 

{x) P p«m was found in tree-holes in the forest at the base of the Himalayas 
in the Darjeeling District and P arbons was collected under similar conditions 
iy) P squamipleuns has a very wide distribution all over India both on the 
plains and in the foot-hills up to 6,000 feet It is a garden species 
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Explanation op Pl4TE III 

All the spermathccfc arc drawn to the scale shown opposite Fig 12 The scale 
for the buccal armatures is shown beside Fic 20 and that for the pharyngeal armatures 
IS beside Fig 11 

i’lg 1 Dorsum of abdominal segment of P hosjnln, showing the scars left by erect 
hairs (E) and by recumbent haiis (R) 

„ 2 Third and fourth antennal segments of P sergenlv 

,, 3 Third and fourth antennal segments of P sergenh var alexandn G — 

geniculate spines 

,i 4 Spermatheca of P sejgenit 

,, 5 Pharyngeal armature of P sergenh 

„ 6 Pharyngeal armature of P sergenh var alexandn 

, 7 Phar)’’ngeal armature of P newsteadx 

„ 8 Spermatheca of P newsteadi 

,, 9 Pnaryngeal armature of P papatasit 

„ 10 Spermatlieca of P papatasii 

„ 11 Pharyngeal armature of P magor 

,j 12 Spermatheca of P majo) E — head , N — neck 

„ 13 Spermatheca of P cliinensis 

,, 14 Pharyngeal armature of P clnnensis 

„ 15 Pharyngeal armature of P argenhpes 

„ 16 Spermatheca of P argenhpes 

„ 16A. Third palpal segment of P argenhpes N — Rewstead’s spines 

17 Sternal tubercle of P argenhpes 
„ 17A Third palpal segment of P colahaensis 

, 18 Spermatheca of P colahaensis 

„ 19 Sternal tubercle of P colahaensis 

„ 20 Buccal cavity of P clmstophersi 

„ 21 Spermatheca of P clmstophersi 

„ 22 Pharyngeal armature of P clydei 

„ 23 Buccal cavity of P clijdei R~buccal armature , P— pigmented area. 
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EM’LANATION 01 PlATL IV 


The '^pcrmatlicc'c irc to tlic scnk shown opposite Fig 29 The scale for the 

liiiccal armatures 1 ' that shown hcside Fig 36 and that for the pharimgeal armatures 
IS beside Fig 4] 

Fig 24 Buccal cant} of V squamtplcnrts 
)i 25 Spermathcca of P •iquavnplctin'- 
» 26 Pliar^nx of P '^qunmipJcuri'i 

» 27 Phar^nA-ofP hospitu 

1 , 28 Buccal caMtj of P Iiospiln 

» 29 Spcrmathcca of P qntrn 

» 30 Buccal caMt}-^ of P puni 

« 31 Pharj nx of P habu 

), 32 Buccal cavity of P habu N — notch in buccal plate 

)] 33 Buccal cavity of P boghdadis 

)) 34 Buccal cavity of P shorlU 

II 35 Buccal cavity of P batfgi 

II 36 Buccal cavity of P minulus 

II 37 Buccal cavity of P immtlvs var antennatui 

II 38 Third and fourth antennal segments of P minulus var anlenmlus 

i> 39 Third and fourth antennal segments of P minulus 

II 40 Spermatheca of P minulus 

II 41 Pharynx of P minulus 

42 Pharynx of P minulus var anlennalus 
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Explanation op Plate V 

All the buccal cavities arc clrawu to the scale shown below Fig 50 and the pharyngeal 
armatures to that beside Fig 44 


Fig 

43 

Buccal cavity of P zeijlanictts 

93 

44 

Pharynx of P zeylamciis 


45 

Buccal cavity of P movtanvt> 

39 

46 

Pharjmx of P monlamis 

99 

47 

Spermatheca of P montamis 

99 

48 

Buccal cavity of P malabancus (?) 

»9 

49 

Pharynx of P malahaucus (?) 

tf 

50 

Buccal cavity of P afrtcanus 

99 

51 

Phaiynx of P afncanns 

99 

52 

Buccal cavity of P barimidt 

39 

53 

Pharynx of P barraudt 

99 

54 

Pharynx of P liimalayensis 

99 

55 

Buccal cavity of P. liimalayensis 

99 

56 

Pharynx of P sylveshis 


57. 

Buccal civity of P si/lvestris 
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LEAD IN URINE 

Li! ui -CoLOM ! T C BOYD, i i c , i m s , 

ANn 

H D GANGULY, m sc 

{From the Dc]m)( 7 »cni of CIumt''l7y, Mcehcal College, Calcutta) 

[Hcccivc<l for publiciilion, Februnrv 2-1, 1032] 

Until comparatively recent years the question of lead poisoning was of little 
importance in India , times are, however, changing and latterly we have had several 
samples of urine sent to the laboratory for analysis for this element Our results 
may prove of intcicst to others engaged on this question and wm hope in addition 
that they may be of considerable use to membeis of the Medical Piofession who 
send in samples 

iVNALYTICAL METHODS TOR HIE DETECTION OK LEAD 

Broadly speaking these may be classified into — 

(1) Chemical methods 

(2) Micro-chemical methods 

(3) Spectrographic methods 

A perusal of the current literature will impress the enquirer with the many 
methods that can be applied to this problem under the heads 1 and 2 In this 
paper, howevei, we propose to restiict ourselves purely to the micro-chemical 
tests and particularly to the triple nitrite test of Behrens and Kley, in which 
the presence of lead is proved by the formation of the crystallme compound 
K 2 CU PbfNOilfi readily recognized under the microscope Lawrence T Fairhall 
of the Harvard Medical School has given an excellent account of his method 
m applying this test to cbnioal material {Journal of Biological Chemistry, 57, 
1923) and we have followed closely his technique in the actual application of 
the test Itself 


( 75 ) 
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Lead 1)1 Uiiae 


G]m,r\l rRocLDimr ^\T)AnLD 

(1) Collectiov of die ionic Tins was {olloctcd rlircct where possible mto P)T:es 

flasks whicli before despaUii <o the were jMcp.ned by treating them with 

100 cc of lead-free h'\drocliloiic acid specific gravity 1 124 and heating on the 
W’ateibath for throe lioiiis, then subsequent treatment with dilute nitric acid for one 
hour and finall}’’ wasliing witli double distilled water and draining Officers sending 
in specimens to the Laboratory appear to neglect the importance of clean lead-free 
containers and possible contaminations from urinals, etc The urine should also he 
freshly collected as w'c find that when fresh it ashes more easily We need not refer 
again to the importance of the prcpaiation of the glassware used in the test, nor to 
the necessity of being certain that all leagcnts are lead-free 

(2) Ashing of the nunc One litre of tlie mine is evaporated to dryness m a 
porcelain basin on the wateibath and the lesiduc complete!} ashed m a silica or 
porcelain cnrcible the former is preferable The time required to ash the residue 
obtamed from one litre takes about twenty-five hours over the Bmisen flame 

(3) FaiihalVs afphcation of the Behrens Kley tnjde mtnte test The ash 
obtained is moistened wnth distilled wmter, twenty-five c c and fifteen c c of pure 
hydrochloric acid specific gravity 1 124 added, this treatment does not cause com- 
plete solution of the ash, a little white gelatmous matter is left undissolved A few 
drops of methjd orange are now added as an indicator and excess of acid neutralized 
with ammonium hydroxide to a final pH of approximately 3 8 Particular care 
must be taken to adjust the reaction or the lead will not be completely precipitated 
The whole is now transferred to a centrifuge tube and freed by spinning from the 
undissolved precipitate (We have found that examination of the gelatinous 
precipitate usually reveals the presence of lead where the final result of the test is 
positive) Two c c of a saturated solution of ammonium sulphate and a drop of a 
two per cent copper acetate solution aie now added and the whole saturated with 
sulphuretted hydrogen for at least half an hour The precipitated sulphides are 
separated by the centrifuge and thoroughly washed three times with double distilled 
water, the final wash water is removed by means of a capillary pipette The tube 
contammg the precipitate is now placed m a beaker of boiling water and two drops 
of nitric acid specific gravity 1 140 added followed by two drops of water ’\\Tien 
solution is complete the whole is removed and evaporated to diyness on a micro- 
scopic slide, when dry 0 005 c c of a four per cent sodium acetate solution is added 
and evaporation to dryness again carried out The slide is now allowed to cool at 
room temperature, when cool the residue is treated with 0 005 c c of acetic acid 
and a small crvstal of potassium mtnte Five minutes are allowed to elapse when 
the sbde is examined under the microscope for the characteristic crystals The 
exammation should not be delayed too long as we find that m this hot damp climate 
the crystals are bable to disappear One other pomt that requires attention is that 
when dissolving the precipitated sulphides with nitric acid, the tube should not 
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be left in tbe boiliii" wnicr loupe r f lian one minute ns some of the sulphur is oxidized 
to siilpliiinc ncid uliicli inloi feres uitli the test 

Soi'iiliutt/ of Ihc fr‘;t Expeimientmp uilh hiioun dilutions of lead m water, 
ue found this test to he spji>;)(i\c to 0 00003 incr , the fipurc given h} Behrens and 
Kley 

B^suITS OF oun iN\rsnoATioNS 
Srnii s I — European Group 

The following senes of European urines were examined from hospital patients 
These were kindl} supplied In Colonel Acton, i m s , and Dr Ferens Coltman 

(a) Patient E E Occupation, AA ireless Operator Disease Fracture of 
Tihia and Fibula Besiilt Lead present 
{b) Patient K Occupation, ]\linnig Engineer Disease Ankylosto- 
miasis Besult Load negative 

(c) Patient K Occujintion, Sailor Disease Dysentery Eesult 

Lend present 

(d) Patient Y A Occupation, Sailor Disc.ise Malaria Kesult Lead 

present 

(e) Patient C Occupation, Bank Official Disease Amcebiasis 

Result Lead present 

(/) Patient J Occupation, Sailor Disease Ulcer of leg Result 

Lead present 

ig) Patient C Occupation, Sailor Disease Duodenal ulcer Result 

Lead present 

(/i) Patient S Occupation, Engineer Disease Urticaria Result 

Lead negative 

(i) Patient N Occupation, Engineer Disease Amcebiasis Result 

Lead present 

(j) Patient E Occupation, Missionary Disease Dysentery Result 

Lead present 

(L) Patient L Occupation Disease Result 

Lead present 

(1) Patient M Occupation, Office AVorker Disease Result 

Lead present 

Series II — Indian Gioup 

{a) Brahmins Six different individuals of this class were exammed usmg 

one htie of mine from each Result Lead nega- 
tive in all 

(b) Baidyas and Kyasthas Six individuals examined using one litre of 

urine from each Result Lead negative in all 
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object of oui investigniion 1o find out if tlic cx'cretion of lead was common in 
this country and, if so, was it equally distributed amongst the different classes of the 
communit} Our resuHs show flint nmongst Europeans it is extremely common 
but tlint wdiere Indians arc concerned the fimoiint of lead excreted in tlie urine 
falls outside the limit of sensitivity of tlie method employed ^Mi} there should he 
this difterence w'e arc unable at the moment to explain and can only record our 
findings 


SuMMABX AND CONCLUSIONS 

We have recorded the result of examinations made on urine for the determina- 
tion of lead on various classes of the communit}' and as far as Europeans are con- 
cerned this appears to be commonl}’’ present wdnle m the Indian groups of the 
commnnity the excretion of this clement appears to be outside the sensitivity of the 
method employed 

We have quoted the findings of W'orkers employed on this question in other 
countries 

Finally we have drawm attention to the fact that the views of certain investi- 
gators appear to mdicate very strongly that the detection of lead in urine or even 
its quantitative estimation is of very doubtful value as far as the diagnosis of lead 
poisonmg is concerned 
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THE KELAT1^T5 VALUES OF MEINICKE MICRO- 
FLOCCULATION TEST AND WASSERMANN 
REACTION BASED ON A COI\IPARISON 
OF 1,200 SERA 


BV 

JIajor R C WATS, M D , D 1 > U , C T M , I m s , 

AND 


Assistant Surgeon C M E EYLES, i m d 
{From the District Laboratory, Maymyo, Burma) 

[Received for publication, February 27, 1932] 

It is now universally admitted that m order to get most reliable information 
legarding sero-diagnosis of syphilis, at least two different methods should be used, 
one of which should preferably be the Boidet-Wassermann reaction In India, 
however, there is another point to be considered, the laboratories carrying out the 
Wassermann tests are few and far between The cost (usually Es 32) prevents 
its umversal application for diagnostic purposes m civil practice and even m cases 
where the patients can afford the fee valuable time is lost in obtainmg the result, 
as the test is carried out once a week only The complexity of the Wassermann 
reaction stimulated various workers to discover simpler flocculation methods but, 
in our opimon, there is none simpler, more economical and least time consummg 
than the Meimcke’s micro-flocculation test, which could be adopted alone or m 
addition to the complement deviation test, as a routine by any ordinarily equipped 
chmeal laboratory in the tropics 

The •principle of the test ■ — ^The antigen consists of an extract of ox-heart diluted 
with alcohol to which balsam of tolu has been added On admixture with a 3 5 
per cent solution of sodium chloride which has been made alkaline with sodium 
carbonate, the antigen forms a denselj milky, turbid and opaque mixture The 
latter, on addition of a positive syphilitic serum gives rise to flocculi which can be 
seen under the low power of the microscope 
J, MB ( 81 ) 
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Meimclc J^hoo-Flocculation Test 


Tl THNlgUl 

The p'diott s SC) urn — The blood from n finger prick is collected in a capillary 
tube about 10 cm in length and having an inside diameter of a millimetre or so 
Two-thuds of the tube is filled and the empty end sealed in a flame particularly 
avoiding heating tiic blood Tlic tube is left for a few liours in a cool place in a 
horizontal position to allow the separation of the sera This process may he expe- 
dited by centrifugahzing towards the scaled end Tlic scaled end is bioken and the 
serum after separation is blown oi tipped on to a numbered slide The sera are not 
inactivated but the latter can also be used for the test In the majoiity of our 
tests the seza w'ere a portion of those sent to the laboratory for Wasscrniann test 

Antigen — This is best obtained from Adlur-apoi’iiiiIvE Otto Stenisraher 
Hagen, I W , Gcimnny 

The coik-stoppcied bottle should be kept at room teniperatiuc m a dark place 
{also see below'’) As the cost is nominal W'c have not given the details of the prepara- 
tion of the antigen 

Salt solutions — Two stock solutions aic used, namely, (a) a 3 5 per cent solution 
of sodium chloride, (b) a 1 pei cent solution of sodium caibonate m 3 5 per cent 
salt solution Foi the test itself 3 parts (0 1 c c ) of stock solution (b) are added to 
97 parts (3 23 c c ) of stock solution (a ) — this gives a 0 03 per cent soda salt dilution 

Of this soda saline mixture 1 c c is taken in a small test-tube, to anothei tube 
Dice of the heart extract is added , both tubes are incubated m a water bath at 
45°C (an impiovised cigarette tin bath serves the purpose) for 10 minutes They 
are then mixed by pouring rapidly several times from one to another (to start with 
adding sahne to the heait extract) The resulting extract dilution is then poured 
in to a warmed porcelain crucible covered with a watch-glass and allowed to ripen 
for two minutes We have found tins milky and opaque mixture stable for about 
twenty minutes and in this period one can, with the help of an assistant, put up 
about thirtj'-five tests Here we would Idee to say a few words about the storage 
of the heart extract Meinicke recommends it to be stored at room temperature 
of the laboratory (68°F or so) but m our case, there being no special heating arrange- 
ment, the temperature of the storage room fell below 60°P on several occasions 
In wmter we noticed that on mixmg the soda saline ’with the heart extract by 
pouring rapidly from tube to tube, the resm separated thus rendering the mixture 
unfit for use, this we ascribe to the difierence m the storage conditions On such 
occasions we gently added the soda salme to the extract by pouring do'wn the sides 
of the tube and then transferred the mixture 'without shakmg to the warmed 
porcelain crucible, the run of the tube touching the rim of the tilted crucible wdule 
pouring This mixture worked quite satisfactorily as will be evident by results 

given below 

Mtxwg —Two platinum eyelets 4 mm and 2 mm in diameter are leqmreci 
for mixing The large one is used for taking up the extract solution and the smaller 
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for the patient’s scrum ]\li\ing of the latter a\ith the extract is carried out by 
passing the smaller sc\cral times rapidly through the lumen of the larger 

\ drop of the mixture from the small CAclet is now placed on a clean cover-slip and 
a hang-drop preparation made avoiding formation of air bubbles, numbered hollow 
ground slides prcMOiish vascliiicd together with clean cover-slips are kept ready 
for this purpose to <=aac time These slides with the scrum extract mixture aie 
allowed to stand foi one hour at room tempeiaturc l\1einickc advises leaving 
these slides in a moist atmosphere at C8°F but w'c have taken no special measures 
except the steam of the water bath foi moistening the atmosphere The tempera- 
ture in our working room has been below ()0°I' on several occasions wnthout inter- 
fering with the tost The platinum oaelets, fixed hoiirontally on brass holders and 
mounted on porcelain stands, could be obtained from the address given under 
antigen or impro\ ised as show n in the diagram 



For idcihty of work two pairs are necessary, the assistant cleaning one pair 
by first dipping m ivater, next in alcohol and then flaming them before a fresh 
serum is put up for the test 

Examination — After an hour the slides can be read under the microscope 
using the |rd objective XlO eyepiece , m a few doubtful cases the results can be 
checked by the Jth objective We found no special difference in the readings taken 
four hours after putting up the hang-drop prepaiation 

A negative leaclion shows an even finely granular field m which the particles 
show lively Browman movements 

In the stiong 'positives cessation of movement and agglutination of the particles 
takes place, the large flcccuh often forming a network with the interspaces free from 
granules 

In the weak positive leaction the flocculi are smaller and the mterspaces may 
show varying numbers of granules 

An intermediate picture with smaller flocculi than the strong positive and 
fewer granules in the interspaces than the weak positive has been classified bv us as 
positive 

If the picture shows granulation of various shapes and sizes but no distinct 
flocculation the reaction is noted as 'negative incomplete 


84 


Mcimclc MtoO'FJocciilafion Test 


Following the above tccliniquo the Mcinicke inicro-flocculalion test was 
earned out on I 203 scin and ^\asstnnann method (Medical Research Couaci! 
method No 1 revised in aceordance Asifh the latest published painplilets on tlie 
subjeei) was adopted for compaintive purpose TJie results are summarized as 
follows — 

Total oiambc) of tests — ],203 

Agiecments 1,079 

Disagreement> 124 (10 3 per cent) 

The 1,079 agreements have been classified as follows — 


Positive agrcciiiunts 202 

Negative ngrecincnta S77 

Sla 

S') 

Sin 

3 

.S2a 

21 

Sp 

266 

S3a 

2 

V S 

484 

Sp 

78 

Non-Vonereal 

115 

V S 

12 

Gonorrlicea 

9 

Others 

4 



Total 202 

Total 

877 


Disagreements 124 

Major 69 (4 9 per cent) 

In minor degree only 66 (5 4 per cent) 


Major disagreements 

59 (4 9 per cent) 


1 

1 

Wa'ssermann Positive 

Wassennann Negative 


Meinicke Negative 

Meinicke Positive 

Slfl- • * • 

6 


S2a 

4 


Sp .* 

15 : 

1 

18 

s • • • • • 

6 

10 

others . . * • 

« 

1 

Totals 

1 

! 30 

29 
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Jn vnvor degree onlg 05 (5 '1 per cent) 



a.'-scrinatin 

negative 

incoini>loto 

Mciniclvc 

negnlue 

IVnssennnnii 
iiegnliv 0 
Meinicl c 
ncgntiNC 
jMCoinplcIo 

Wna?prroann 
[loaitue 
Jleinicto n cni 
posiluo 

Wassermann 

1 negative 
jncomplote 
Jlcinicko 
positive 

Sla 



3 

1 

S2a 



2 


Sp 

0 

10 

S 

5 

V S 

S 

fi 

3 

7 

Kon Venereal 

O 

1 



Totals 

1C 

>0 

16 

13 


Sla Syphibs Primary before treatment 

S2a Syplubs Secondary before treatment 

S3a Sypbibs Tertiary before treatment 

Sp S 5 ^hibs cases after treatment 

Others Sera sent to exclude Sypbibs 

The differences both minor and major, after a study of the clinical history 
sheets, have been classified as follows — 

1 Meimcle lasting longer in cases after treatment 

18 cases accounting for 14 major and 15 minor differences 

2 Wassennann lasting longer in cases after treatment 

15 cases accounting for 19 major and 5 minor differences 

3 Meimcke sJmving first in untreated cases 

8 cases accounting for 4 major and 6 mmor differences 

4 Wassermann shmuing first in untreated cases 

6 cases accounting for 6 major and 4 minor differences 

5 Primary disagreement followed by agieement 

{a) From the study of the cases presumably Meimcke test was faulty 

7 cases accounting for 5 major and 2 mmor differences 

(6) From the study of the cases presumably Wassermann test was faulty 
5 cases accounting for 3 major and 2 mmor differences 

6 Serum septic — Meinicke correct (from chmeal data) 

2 cases accounting for 2 major differences 

7 Icteric sera — Wasseimann correct (from clinical data) 

2 cases accounting for 2 major differences 



so 


Meimcle Micio-Floccidahon Test 


8 Cff9C5 not followed due (o wsufficioil lefts o) data 

G eases nccountmg for 4 major and 2 mmoi differences 


Tot-nl number of 

1 

OS nccoanJinc for 

r>o 

major niifl 30 luiiior difTcrcncc’i 

Bnlnnco of ca<?cs not nctonntod for ^ 

07 

99 

0 

, 20 , 

Total 

05 „ 

99 

50 

9 G ) ff ft 


It would be seen from tJic above details that about 90 per cent of the resiills 
bj^ Meinickc micio-flocculation test agiccd with the "IFassermann test Out of the 
59 (4 9 pel cent) major differences 33 (about 56 pei cent) aic accounted tor by one 
of the other tests peisisting positive after the treatment and ten by one or other 
of the tests appearing as such eailicr Though no special reason can be ascribed 
eiglit major disagreements were followed by agreements and m two tests though 
sera were septic the Meinicke’s test was correct Two differences are due to icteric 
sera m which the Wassermaun seemed to be correct (see below) and the balance 
of 4 major differences are unaccounted for It is not possible to conclude winch 
of the tests appears positive earlier before and which persists longer after the treat- 
ment The minor differences being of degree only have not been discussed 

SuMJlARY or SOME RELEVANT EXPERIMENTS 

1 Rabbits SCI a — 8era from 7 rabbits were tested by Ibassei'mann and 
Meimcke micro-flocculation test Tlierc were five negative agreements but in two 
cases though the former were weak positive, the lattei were negative Several 
workers have drawn attention to the frequent occurrence of Wassermann positive 
sera in stock rabbits, but in the small number of tests we carried out the Bleimcke 
test seemed to be specific 

2 Septic sera — Four negative sera weie icndered septic by leavmg the tubes 
exposed for a few days, after which both flocculation and Wasseimann tests were 
carried out on the 7th, 14th, 21st and 28th days Bleinicke’s test was negative 
throughout but the Wassermann was distinctly positive though the sera weie 
slightly auticomplementaiy Two similar tests on sera received as a routine m the 
laboratory have been lef erred to above 

3 Ictenc seia — Two cases of icteric sera m which the Wassermann was 
positive and Meimcke’s tests negative have been referred to above To investigate 
the matter further a serum strongly positive to both Wassermann and Blemickc 
was divided mto three parts and marked as ‘ a ‘ b’ and ‘ c ’ To ‘ n ’ a loopful 
of sterile ox-bile was added and to ‘ 6 ’ a loopful of sterile sodium taurocholatc 
solution (5 per cent) The portion ‘ c ’ was left as snch to act as a control The 
sera were exammed a week after, the control ' c ’ was strongly positive to both 
tests while ‘ a ’ and ‘ h ’ were positive to Wassermann hut negative to Bleinicke 
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Wlicdicr i( IS die surface Icnsion oi some odier factor at work Meinicke test 
fai s to record positive in tlic presence of liilc sails as also observed in the above two 
routine sera Jlciiuckc, however, claims that Ins test is specific for icteric sera as 
Mcll 


Sl'MMAnY 

1 Tlie Mcinickc’s micro-nocculation is a much simpler sero-diagnostic test 
than the 'Wassorinann 

2 The apparatus and inprodicnts arc cheap and easily obtainable 

3 The results can be obtained mneh more rapidly (60 tests requiring a little 
over an hour) 

4 There arc 90 per cent agreements with AVassermann results and half of 
the 10 per cent difiereiiccs aic of minor degree only Ninetj^ per cent of the major 
differences arc accounted for either bj one or other of the tests appearing earlier 
before or persisting longer after the treatment, or followed by agreement with each 
other in subsequent tests 

5 The Slemickc micro-flocculation test gives reliable results with haimolytic 
or contaminated (cf "Wassormann) but not with icteric sera 

We nish to acknowledge wth many thanks the help received from Assistant- 
Surgeon I 'W'hitc, I M D , in the early part of this work 
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SOME SOURCES OF VITAJIIN C IN INDIA 

Part II — (Continued) 

GEU^IINATED PULSES, TOMATOES, ]\LVNGOES AND BANANAS 

BY 

:\IaJOR E C B’ATS, AI D , D P H , D T M , IMS, 

AND 

Assistant Surgeon C M E EYLES, i m d 
(From (he Dislncl Lahoiatory, Maymyo, Burma) 

[Received for publication, March 20, 1032] 

This investigation is the continuation of the work pubhshed in the Indian 
Medical Gazelie, 64, No 2, February, 1929, and the Indian Journal of Medical 
Research, 19, No 2, October, 1931 

Burst (1912) was the first to discover that germination endowed the vaiious 
seeds with antiscorbutic properties Chick and Hume (1917) confirmed this m 
the case of peas and lentils , these authors recommended germinated pulses as a 
valuable means of preventing scurvy in the absence of fresh fruit and vegetables 
Unlike the latter the pulses require no preservation, can be easily transported and 
germinated on the spot to serve as a supply of both water soluble vitamins Our 
investigation was undertaken to make a comparative study of various dais commonly 
used in India, both as regards the ease with which they can germmate m the limited 
period of 48 hours (including soakage) and their antiscorbutic values The anti- 
scorbutic va ue of dwarf yellow bananas was described in the second paper referred 
to above, we have further extended the work by investigatmg the values of the red 
and green varieties available m the local market The local tomatoes and mangoes 
were also assayed 

Gumea-pigs, as usual, were used for the experiments , weights and details of 
post-mortems, etc , are attached as an appendix The basal diet consistmg of bran 
and oats with 30 per cent of crushed gram (Cicer anetinum) as described by Wats 
and “White (1931) was used The omission of autoclaved milk makes the diet free 

{ 89 ) 
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Some Soy) CCS of Viiayuy G m Jndin 


from an} {laccs of Mlamin C, \\}»ic}i inn} lin\c sniMvcd tlic licating AYc have not 
noticed nii} npprceiaWc di/Teicnce in the symptoms of ‘•curv\ and the condition 
of the anima’s Ims liocn quite satisfactoi} sliONsmg no special inanition Owing to 
the shortage of guinea-pigs no hn\e lieen obliged to use m some expenmente older 
and licavici animals winch is a sliglit deviation fioin the normal routine 

The details of the articles tested are as follows — 

1 Pulses, etc — These were obtained horn the local bazar and were not 
liuslccd 01 split Tlic wliole peas oi pulses weie placed between two layers of lint 
steeped m a laigc pctii dish containing watci Tlie soaking w^as allowed to go on 
for 24 hours, after which the seeds were spread between two layers of moist hnt 
The germination w'as allow’cd to go on for 24 hours at room temperature {average 
ma\rmum 76°F , average minimum 54°F dining the period of the experiment) 

The following seeds w'crc tested foi their germinating capacities following the 
above technique — 

(а) Ghana (Cteo anehmm) oi chick pea 

(б) Peas {Pisuin sahvwii) 

(c) Muug {Phaseolus nmng) or green giam 

(d) Urd {Phaseolus mung var laihatus) or black gram 

(e) Lobia caigang) 

(f) Soya bean {Glycine hesepida) 

It was noticed that the percentage of seeds germinating iindci tlie above stan- 
dard conditions of lobia and soya bean was very poor the radicles being hardly 
perceptible In others 65 pei cent seeds germinated of urd, 70 per cent of gram, 
75 per cent of mung and 90 per cent of peas The length of the radicle was 4 mm 
m gram and mung and 6 mm in lU’d and peas 

2 The Green and Red Bananas (varieties of Musa sapicnium) obtained 
from the local market in Maymyo are similai to those procuiable in India The^ 
foimer is about 9 inclies in length and comparatively thinner than the 
latter The differences in pulp are also noticeable being white m the green vaiiety 
and creamy m the red 

3 Tomato {Lycopeisicunt esculenium) — There aie several varieties of this 
vegetable available locally The one we tested is about the size of a large pliun^ 
deep red m colour and uniformly lound 

4 Mango {Mangifera indica) — The particular fruit we used comes from 
Mandalay District and is locally called ‘ Nettiya ’ In size and flavour it is similar 
to the ‘ Langra ’ variety obtainable m India, similarly it has no fibres in the pulp 

The animals under experunent were grouped as follows — 

Gioup 1 —Controls 

(a) One ammal on laboratory diet consisting of crushed gram, bran and oa 
with vegetable leaves and green grass 
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(6) One nnimnl on (he l)asnl diet alone 

(c) One niiiiiial on basal diet nith 5 drops of Irrndol (vitaima V concenirate 
prepaicd by Messrs Parke, DaMS and Co) 

Group 2 — Pulses, e(c 

Three animals uere jmt on basil diet supp’emented by i, 4. and 5 
grammes each of germinating grams jicas, mung, iird and lobia Soya beans were 
not used as the seeds did not germinate after 24 hours scakage .and another 24 hours 
exposure to a moist atmosphere 
Group 3 — Bananas, red and green 

Two subgroups of 3 animals each were put on basal diet with 6, 10 and 
15 grammes of fruit pulp 
Group 1 — Tomato 

Three animals were put on basal diet with the addition of 3, 5 and 7 cc of 
tomato juice 
Grou]} 5 — klango 

Four animals ncrc put on basal diet with 5, 10, 15 and 20 grammes of the 
frmt pulp (not juice) 


Summary of observaitons 

In the case of Group 1 the animal (a) on laboratory diet increased steadily 
m weight until the G3rd day after nhich the green grass was discontinued, the 
animal died of scurvy after an mteival of 25 days 


Chart No 1 
Group 1 — Controls 
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-icim/on!!’"' »» ♦h'! 28th 

Group 2 

tlicu^'npjrrljfc^V (oH 3, 4 and 5 grammes) more or less maintained 


CmuiT No 2 
Group 2(c) 



(5) Peca— The animals on 3 and 4 grammes, after a prelimmaij rise, lost 
weight rapidly dymg of scnrvj^ on the 41st and 48th days respectively The animal 
on 5 grammes more or less mamtamed its weight losmg some at the end of the 
experiment when it was chloroformed Signs of scurvy were present post-mortem 


Chart No 3 
Gioicf 2(6) 



(c) Mung — The animal on 3 grammes after an imtial loss steadily increased 
m weight until the termmation of the experiment on the 73rd day The animals 
on 4 and 5 grammes put on u eight to some extent, the one on 5 grammes showmg 
some loss towards the end. All three arT^'''ils on bemg chloroformed showed no 
signs of scurvy post-mortem 
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{d) Urd — Tlic amnni on 3 grammes mamtnincd its weight for about four 
weeks, then sliowiiig n decline , on (he 36(li daj it showed a typical ' face-ache’ 
posture, djmg on the 39th dij 


ClIAUT No 4 
Group 2(c) 

S 06 i 



Tlie animal on 4 gtammes did not lose any weight for four weeks when it 
gradually went down On the termination of the experiment (74th day) it had. 
lost 50 grammes of its original weight looking otherwise noimal 

The animal on 5 grammes increased steadily in weight until the 28th day and 
at the termination of the experiment showed an increase of 30 grammes on the 
initial weight The animal w as released being in good health 


Chart No 5 
Group 2(d) 



(e) Lohia — The anima’ on 3 grammes began to lose weight at the beginmng 
of the experiment until its death on the 34th day Signs of scurvy were present 
post-mortem 

The animal on 4 grammes maintained its weight for a fortnight then began to 
lose until its death on the 32nd day Signs of scurvy were present post-mortem 
The ammal on 5 grammes gamed slightly in weight, fell ill for a few days on the 
40th day losmg some weight, after which it gained steadily till the 56th day when 
it was chloroformed No signs of scurvy were found post-mortem 
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tlie 59tli dny slioumg signs of scurv\ post-mortem Tlic nmmals on 5 and 7 c c ol 
the juice gained steadily m u eight slioumg sliglit ups and douns and were 
released on the 70tli daj looKing quite notmal 


Chart No 9 
G)oiij) 4 



Group 5 — Mango 

All the annuals did well except the one on 5 grammes which lost a little 
weight towards the end of the experiment The movements of the hind legs 
must have been painful as the animal was disinclined to move, it had lost its 


Chart No 10 
Group 5 
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appetite and the condition of itfc fur was poor On the 74tli day the animal was 
killed showing signs of Ecur^^ The niiininls on liighci amounts w'ere released 
after the 74th da^ being m \cry well-nourished conditions 

St \ti Ml M oi nrsui i s 

The hasaJ diet — The basal diet with tiushcd gram worked quite satisfactorily, 
the animals thrned well without anj intestinal distiirbaiKes The animal on 
laboratory diet died after an interral of 25 days after stoppage of green grass, 
illustrating once again the inability of guinea-pigs to store vitamin C in the body 
The animal on an excess of r itamin D (in the shape of Iiradol) did not survive much 
longer than the control animal, neither was there any appreciable differences m 
special s}'mptoms of scurvy 

The jmhes, etc — The antiscorbutic value does not seem to depend on the 
amount of germination or on the length of the radicle Amongst the pulses tested 
by us, mwig seems to be the best both as regards its antiscorbutic value as well as 
the case with which it germinates A further advantage is that the germinated 
seeds being tender a salad can be prepared yvith the addition of sauce, salt 
and pepper thus eliminating the waste of anj vitamin by cooking We have 
consumed the amount suggested for prey ention of scurvy in human beings and 
found it quite palatable no indigestion or flatulence was noted as an after 
effect 

Bdmiws, red and green —It w'as stated in a previous paper {Indian Journal of 
Medical Research, 19, 2nd October, 1931) that 5 grammes of yellow banana was an 
adequate amount to prey ent scurvy in guinea-pigs , this, however, is not true in 
the case of red and green bananas Ten grammes at least of red banana pulp were 
required for the purpose while in the case of green banana pulp even 15 grammes 
proved msufficient 

Tomato — ^Five c c of the juice were sufficient to act as a prophylactic of 
sclirvy in gmnea-pigs The local variety is evidently inferior to those obtainable in 
England or America 

Mango — Ten grammes of the pulp was found adequate to prevent scury^y in 
guinea-pigs 

The evaluation of vitamin C content classified according to the suggestion of 
Wats and A^Tiite (1931) has been recorded in the appendix We have to acknow- 
ledge with many thanks the help received from Assistant Surgeon I White, i m d 
in the investigation of mangoes and bananas 

REFERENCES ' 

Chick and Hhjie (1917) Jour Royal Anry Med Corps, Aue 

iuRST (1912) Zetls f Byg, 22. 

Wats and White (1931) Ind Jmir Med Res, 19 , No 2, pp 393 113 

J, MR 


7 



98 


Sojne SoiDccs of Vitanuu C in India. 


APPKNDIX No 1 


Guoiti* 1 —Com KOI'; 


Day of 
C'^pennient 


Ammal o^ LAiionATom 

Kirr 


Ammai, os hasat pin 


Woghf 


Jlcmnrks Weight 


Jtcmnrk*! 


AMMAL on basal PIET WITH 
5 PROFS OF IPRAPOL 


AVeiglit 


Remarks 


270 Died P - M SJiow ed 
limniorrhages round 
joints, intestines, 
pleura 


050 Died P M Hiem 

orrhages round im" 
joints, bladder and 
intestines 


Green grass 
stopped 


Died P -Ikf • Hemorrhages subcutaneous, round joints, bladder, p 
Costo ehondral joints enlarged 
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Gkoup 2(«) — Gram (germinaied) 


Dny of 

■ 

Aslmai. o\ basal Birr 
WITH 3 a 

Basal diet nmi 4 o | 

1 

Basal diet with 5 a 

CNpennient 

U cij-hl 

llciunrks 

t 

l\ eight J 

( 

Remarks i 

Weight 

Remarks 

1st 

COO 


070 ' 


730 


7th 

710 


G'lO I 


730 


16tli 

710 


1 

040 ' 


720 


22iid 

CCO 


050 


740 


29th 

580 


040 j 


700 


30th 

440 

Ailing 

550 1 


730 


39th 

410 

Dted PM 

Ilrcmor r h n g c s 
round joints, 

s u b 0 u t aneous, 
bladder, iiitcs 

tines, suprarenal^ 

C o B t 0 chondral 
joints enlarged 

1 

i 


1 


43rd 



440 

Face ache 

070 


46th 


I 

440 

'Died P -M Haim 
orrlinges bladder, 
i intestines, lungs 

and pleura 

580 


49th 





520 

TU 

52nd 





620 

Died P M Hrem- 
orrhages sub 
cutaneous, round 
joints, bladder, 
intestines, and 
suprarenals Costo 
chondral joints 
enlarged 
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APPENDIX No l-~conf<l 


Gnoui* 2(6) — ]*LAS (({JJ{>II^A^hD) 


Da^ of 
o\]x;ninont 

Ammal on itA^M Din 

WITH 3 0 

1 UaS\L 1)11 t with 1 t 

1 _ 

Basal diet wiru 5a 

eight 

Jlcmnrhs 

1 

IVeight 

Kemarlv= 

U eight 

Boniarks 


1st 

600 


580 


550 


7tU 

500 


500 


550 


14th i 

530 


020 


770 


21st 

510 

1 


COO 


570 


28th 

■ 400 


650 


580 


36th 

380 

111 

560 


570 


38th 

340 

Face ache 





41st 

340 

' Died P M leoth 
loose, hteraor- 

rhages subcuta- 
neous, bladder, 
testes, Lidnoj, 
suprarenals 
Costo chon deal 
joints enlarged 

1 

! 


1 

1 

42rjd 



430 

Face ache 

510 


45th 



400 




48th 



400 

Died P M H-em- 
orrhages round 
joints, subcutane 
ous and jieritoneal 
Costo chon dral 
markedly enlarged 
and luemorrhagic 



49th 





600 


66th 





490 


63rd 





490 


70th 

78th 

i 

• 

t 

1 


i 

1 

1 

i 

! 

490 

500 

Chloroformed P 

S u b cu t a n e 0 11 
hasmorrhages, o’'® 
bladder aH" 
suprarenals 
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APPENDIX No \—conld 


Group 2(c) — M u^o (grrminatlo) 


of 

\MM^I on llANAI niiT 
WITH 3 0 

llisAb miT WITH 4 o 

Basal dipt with 5 o 

cxpenniciil 

\\ eight 

llcninrhs 

AA < ight 

Reiimrhs 

Weight 

! Remarks 

1st 

700 


7J0 


760 


7 til 

640 


710 


760 


11th 

GSO 


710 


7S0 


21st 

090 


7'.0 


780 


2Sth 

770 


7S0 


820 


"ISth 

720 


740 


810 


42nd 

720 


740 


790 


4Dth 

770 


7b0 

! 

860 


56th 

720 


770 


830 


63rd 

740 


790 


700 


70th 

740 


790 


760 


73rd 

740 

Clilotofornicd P 

M No signs of 
soiirvj 

790 

Chloroformed P 

AI No signs of 
scurry 

760 

Chloroformed P 

M No signs of 
scurvy 


Group 2 { d ) — Ubb (geraiinated) 


1st 

680 


530 


610 

8th 

590 


520 


620 

16th 

620 


530 


660 

22nd 

580 


530 


670 

29th 

690 


550 


700 

36th 

420 

Pace ache 

499 


660 

39th 

3b0 

Died PM 

Hiem orrhages 
round joints, 
bladder Costo 
chondral joints 
enlarged, and 
h-emorrhagic 















102 
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AIM’ENDIX No }—coiml. 

Ouour 2{f/) — Um> (f.i KMiNATJ>n)— co«cW 


41sfc 

45th 

60th 

66th 


Dn\ of 
e\|)trnneiil j 

1 

Wciglit 

43rd 

! 

1 

50tli 


571 h 


61th 


71st 


74th 


1st 

760 

6th 

740 

12th 

620 

19th 

640 

26th 

600 

32nd 

460 

34th 

440 


Amm\i. 0% lUlT 

■} Cl 


lU'iAt. I>IFT UITIt 4 0 


L 


Kcnmrks 


Weight 

Remarks 

Weight 

410 


600 

410 


620 

460 


620 

460 


650 

480 


640 

480 

Released in good 

640 


health 



diet with 5 a 


Group 2(e)— L obia (germinated) 


Died P 

Hsemorrhages, 
bladder and 
suprarenals 
Cos to chondral 
joints enlarged 


850 

840 

850 

850 

770 

7C0 


Died P M Htem 
orrlmges, bladder 
and round joints 


4C0 

400 

520 

630 

540 

500 

480 


Bemarks 


Released in goo^ 
health 


430 BuflOied fur 
450 


480 

490 


Chloroformed P 

No signs of scurry 
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APPICNDIX No l—contd 
GiJour 3(ff) — Gri i n banana pulp 


J)a\ of 

Basm 

nirr ^^IT^ "5 o 

B\sai dipt smth 10 0 

Basm, dipt with 15 0 

c\pcnmcnl 

Weight 

Remnrhs 

Weight 

Remarks 

Weight 

Remarks 

Ist 

250 


300 


280 


4t]i 

200 


200 


200 


lOtli 

220 


300 


270 


ITlIi 

240 


330 


300 


24th 

270 


350 


330 


31st 

280 

1 

1 100 


350 


38th 

300 


140 


3S0 


45th 

280 


370 


355 


62nd 

220 


400 

1 

320 


64th 

200 

Did PM H tm 
nrrhagos round 
knee joints, testes 
and intestines 





59th 



440 ' 


410 


06th 



380 

III 

290 

III Not using hind 
legs 

73rd 



350 

Chloroformed P AI 

H pmorrhngcs 
round hind knee 
joints and supra 
icnnis 

280 

Chloroformed P M 
Slight h T3 m 

orrhageb round 
hind joints Small 
intestines h ai m 

orrhagic 


Group 3(/;) — Etu banana pulp 


Ist 

400 


300 


400 

3rd 

400 


310 


400 

8th 

380 


320 


400 

15th 

400 


330 


410 

22nd 

440 


370 


460 

30th 

470 


380 


40o 

37th 

460 


380 


, ' 600 
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Some Solaces of Y'lUamn C m India. 


APPENDIX No 1—confd 
• Ohoup .3(/>) — HANANA PULP — concld 


Dnj of , 

1 

- nllT WITH 5 f) 

1 JUsAi niiT WITH 10 a 

JIas DIET v\ ITII 15 0 

oNjiorjmcDl 

i 

! 

j \\ eight 

Uemnrks 


Hemarks 

Weight 

Kemarks 

4 tth 

1 i 

' m i 

1 i 

; i 

Sliowing higns of 
pnrnlxMs of hiiifi 
legs 

310 

1 

510 


nist 

370 


310 

1 

530 


5Slh 

350 


150 

1 

550 


6oth 

330 


350 


500 


72nd . ] 

1 

1 

310 

Chloro fo r m c d 

P JI H'cnior- 

rlingcs r 0 u 11 (1 
hind joints, intes- 
tines, ]vidno\s 
and suptaronals 

320 

r h 1 0 r 0 f 0 r m e d 

P 3! No signs of 
ficun \ 

480 

Keleased hi 8°°' 
health 


Group 4 — Tomato j'urcE 


Day of 

Basal diet w ith 3 c c 

Basal 

DIET 

j 

ujrH 5 c c 

Basal diet with 7 cc 

exponuicnt 

IPeight 

Kemarks 

IVeight 

' Remarks j 

j Weight 

1 Remarks 

i 

1 — — 

lat 

280 


500 



450 


4fcU 

300 


480 



480 


9th 

320 


620 



520 


16th 

350 


670 



630 


23rd 

350 


570 



510 


30th 

330 

j 

620 



470 

1 

37th 

310 


640 j 



470 


43rd 1 

320 ] 

1 

630 



600 


46th 

300 

Face aclie 

640 



510 


54tb 

260 

Disinclination to 
use hind legs 
Died PM 
Hiemorrhages 
round hind 
joints and in 
suprarenals 

650 



490 
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Group 1 — Tomato juicn— co;?cW 


I)n^ of 

Ua'-al 

nirr with t r c 

Ra’s'M. diit with 5 cc 

I 

Basal 

DIET WITH 7 0 C 

p\ponmcnt 

Weight 

Roiiinrks 

Weight 

1 

1 l^cninrK*? 

Weight 

Rcniarhfi 

59th 

200 



1 

510 


G5tli 




1 

550 


70th 



070 

iRclcaBcd HI good 
lipnith, giiinod 170 

1 gs in weight 

640 

Released in good 
health, gained 90 gs 
in weight 


Group 5 — jMango pulp 



Basal 

DIET WITH 5 0 

Basal Dll T WITH 10 o 

BaSM DIITWTTH 15 0 

BasAI DIET tVlTH 20 G 

Da\ of 









expen 





■■ 




ment 










■5) 

R( marks 


Remarks 


Remarks 

to 

Remarks 







& 


1st 

400 


340 


280 

1 

360 


6th 

400 


JoO 


260 


390 


10th 

420 


540 


290 


390 


15th 

430 


360 


310 


400 


20th 

440 


380 


330 


420 


50th 

490 


430 


1 360 


460 


40th 

510 


485 


380 


480 


50th 

520 


505 


400 


500 


60th 

640 


560 


480 


570 


65th 

460 

Signs of para 

530 


480 


650 




lysis, hind 
legs Ruffled 
fur, loss of 





1 


70th 

450 

appetite 

520 


620 


580 


74th 

445 

C h 1 0 r oformed 

P M Hsem 
orrhages round 
hind joints 

520 

P eleased in good 
health, gam 
in weight 180 
gs 

620 

Released in good 
health, gam in 
w eight 240 gs 

580 

Released in good 
health, gam in 
weight 220 gs 



Intestines in 







k 


jeeted 
































100 


Some Soioccs of Vifamin C in Jmha. 
APPENIILX Ko 2 

TjIL LVALUA'ilOX 01’ VITAMIN C CONTiINT 


Names of nrlicles 


Amount required for ndult liunmii being, the 
niticJe in question being tlic onO source of 
Mtnnun C 


I'KPITS 

Bnnunns, ■\cllo« 

Do green 
Do red 
Lime juico 
Orange juice 
Pumelo 
Pears 
Pineapples 
Pomegranate juice 
Mango 
Sweet bine 
Veoetables 

Melon puinpbin 
Pumpbin 

Vegetable marrow 
Tomato 

Germinated pulses, etc 
Gram . . 

Peas 

ftfung 

DreJ 

Lobia 


So g 

Vcr\ poor, l.SO g iimdcqimtc 

loo g 

So cc 
loo c c 
lO c c 

Verv poor, 70 g niereh deloA' the onset of scurvy 
30 g of pulp 

Very poor, up to 200 c e inndeqimte 
loo g of tlio pulp 
Poor, 50 c c inadequate 

100 g 

I 

100 g 

150 g 

50 c c of juice 

Poor, 50 g inadequate 
Poor, 50 g inadequate 
Good, 30 g sufficient 
40 g saSioieni' 

50 g sufficient 
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ACTION OF ATLNOM OF THE INDIAN DABOIA {VIPERA 
RUSSELLII ATilL VIPERA ELEGANS) ON 
CERTAIN PROTOZOA 

BY 

Lieut -Coionel R N CHOPRA, m a , m d (Cantab ), i m s , 

ANB 

J S CHO^^HIAN, M B , B s 

{From the Defarlmcnt of Pharmacology, Cakulta School of Tiojneal 
Medicine and Hygiene) 

Indigenous Drug Senes No 34 

[Received for publiention, March 7, 1932] 

Since the days of Spellanzani the paramcecia has been used as a delieate 
biological indicator for experimental work It is a unicellular organism whose 
sensitiveness and reaction to changes in the environment can be very easily observed 
Hamilton (1904) and Tunmcliff (1929) used this cibate for the study of the actions 
of toxins and sera It has been suggested by various workers that these organisms 
can be used for standardizing the potency of drugs Macht and Fisher (1917-18) 
showed that while the alkaloids of morphine groups had no effect on the para- 
mcecia those of papaverm groups were highly toxic Philpott (1929) worked out 
the minimum lethal dose of different venoms on the Paramcecium caudatnm 

In a previous paper (1931) the present authors showed that the venom of the 
Indian cobra {Naia naia vel Lnpitdians) has a markedly toxic action on some of the 
protozoal organisms and particularly the P caudatum "While studying the pharma- 
cological action of the venom of the Indian Daboia — Yi'pera Russelhi vel Vipera 
elegans — its effects on this umcellular organism were also studied It has been 
suggested by various workers that whilst the venom of the Colubnda has a toxic 
action on the central nervous system and particularlv on the respiratory centre 

( 107 ) 
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the ^cnom of Vjpcruljo acts mninh local!} niul if'' action is chiefly on the vasculai 
system T he inorlc of death after s iper lutes is said to resemble that produced by 
histamine shock Jfacdonald (1922) woiKni" on Bnlanhdnini coh and B sins 
showed that these oi;fanisms possess a ludiinontar} neuro-motor apparatus whicb 
contiols and co-ordinates tlicir nio\enients Paralysis of thi‘< mechanism produces 
loss of motility and death of the protozoa When testing the action of cobra venom 
oil P cawlatnm we found CMdence of this action on the ncuio-muscular apparatus 
of this dilate Soon aftei exposure to tlic \enom, the movements of the proto 70 oii 
wmie slowed and later were complctel} paralysed, its body then swelled up and 
disintegrated The effect of the lenom of EussclI’s Viper was also studied on this 
protozoon m ordei to get an idea as to tlie fundamental diifcientes in the action of 
colubrme and vipeime venoms as tbcie arc no vestiges of a vascular system mtlus 
organism 

It has been pointed out in a pievious paper that normal saline solutions (O'* 
per cent) arc not suitable foi protozoal rvork as tlie organisms die m it Their 
movements are immediately stopped and the cells shiink and break up into small 
fragments Balbiani (1904) pointed out that patamcecia are only isotonic w’lth a 
0*3 per cent solution of common salt We tested the vitality of these protozoa by 
mixing equal volumes of the culture of Paramesenm cuudaHim wuth saline solutions 
containing 0 9, 0 8, 0 7 and 0 2 pei cent of sodium chloiide We observed that 
with solutions of over 0 4 pei cent stiength the paramoecia died m 2 to 9 mmutes 
To avoid this, the cuituie and all the dilutions weie made with ordinary tap-water 
which has no deleterious effect on the organism 

Fresh solutions of the venom were piepared daily for the experimental work 
Any solution which was more than one day old was discarded because in this the 
venom settles down at the bottom of the tube and the results obtained are inconsist- 
ent Various concentrations of the venom ranging from 1 in 1,000 and moie weie 


prepared by vigorously shakmg the venom with water The solutions were turbid 
and at tunes fiothy, and it took some time before they cleared 

The reaction of tap-water m Calcutta varies between pH 7 0 to pH 7 4 and this 
variation m the hydrogen-ion concentration is not deleterious to the growth and 
activity of this ciliate The concentrations of the venom varying from 1 m 1,000 
to 1 in 50,000 were prepared by dilution with tap-water and equal amounts of tliese 
solutions and the culture were taken, well mixed and kept in small test-tubes Th® 
resultant concentrations were labelled from 1 in 2,000 to 1 in 100,000 A drop of 


this mixture was examined from time to time m a hollow ground slide under tlie 
low power of a microscope and the results recoided A mixture of equal amounts of 
the culture and tap-water was kept as a control under similar conditions and environ 
ments in eveV experiment The culture of paramcecium used was one month 
old so that theVrgamsms were well developed, active and mature The pH of tins 
cultuie varied between 7 2 to 7 4 
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The effect of the Dctboui xeuoui o» the Fnrnmcccuim caudatum 
When eq\ial amounts of the rviUurc and tl\c venom m the different concentra- 
tions are mixed and examined under the microsco]ie the phenomenon known as the 
‘ avoiding reaction ’ is at once observed It is noted that the paiamoecia at first 
become aen actue in their moacnients and tiy to get a.\ay from the uiifavonrable 
surroundings Tlie spindle and the corkscrew inovcment is observed Later 
their nioacments arc distineth slowed and the paramoecia mo\c towards the peri- 
plierj of the hollow ground slide This is probabh due to the fact that ns the depth 
at the margin of the hollow ground slide is shallow' the concentration of the venom 
IS less there , or perhaps in their efforts to avoid the unpalatable media, the protozoa 
try to get awav from it and move towards the peripher} and since they cannot go 
anj further than the edge of the well tlie^ collect together there The general 
effect of cobra venom was to slow' the moacmciits and eventually to paralyse them 
The paramcceia at first moved sluggishly and later were completely paralysed, 
became swollen, rounded and the \acuoles became more prominent and finally 
the body disintegrated The venom of Russell’s Viper, although it slows the 
movements to a certain extent, docs not paralyse them as is the case with 
cobra venom and the protozoa do not die Even after 24 hours exposure, very 
few' paramcecia died while others w'crc alive though their movements were slower 
than normal 

It has been remarked already that the venom forms a very turbid solution m 
high concentrations and the venom solutions when mixed with the culture form a 
fine precipitate In such concentrations as 1 in 200 to 1 in 2,000 the paramcecia 
were seen moving about in the meshes of the precipitate The onlj effect observed 
in such concentrations was that the paramcecia moved less rapidly, frequently 
turned on their long axis and eventually crawled at the bottom of the well Later 
they conglomerated together m large colonies in the meshes of the precipitate 
They swelled up slightly and their vacuoles became more visible and they showed a 
tendency to become motionless There were no signs of paralysis when they were 
moved by agitating the slide, but they settled down again in a seemingly lethargic 
condition Hamilton (1904) suggested that this slowmg down of the paramcecia, 
when in toxic substrate, is due to the formation of long viscous threads of excretory 
matter at the caudal extremity These threads impede the progress and cause the 
paramcecia to make irregular movements in effort to get rid of it The paramcecia 
also become agglutinated together by means of these filaments Ho such filaments 
were observed in our experiments 

A perusal of Table I shows that m concentrations varying from 1 in 200 to 
1 m 2,000 the orgamsm lived for over 24 hours m much the same way as in the 
control With lower concentrations varymg from 1 in 4,000 to 1 m 100,000 the 
avoidmg reaction ’ was more marked and they collected at the periphery They 
were seen hving after 24 to 48 hours ^ 
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TAUl.r I 

EJjcct of Dalma vtnoin on l^arnniceciiim cnudnfiim at different dihdmis 


NinnLcr 

of ^cllonl 

Lffcct of profo/on 

Kfmarks 

1 

Control 

No effect 

Equal \olunie of culture and tap water 
mixed 

0 

1 1 in 200 

1 

1 

.\li\c nffer 2f hours 

Equal X ohmic of culture and venom 
Plocculent precipitate, the paranicef® 
sank to the bottom and collected m 
colonics Aloxcnicnts slowed and later 

\ 

1 in 400 

Do 

parah sed 

4 

1 in GOO 

Do 


1 

5 

1 

1 in 800 

Do 



1 in 2,000 

Alne aftei 48 hours 

Mixture turbid, ‘ avoiding reaction ’, n'o'’® 
ments slow ed , collected at the periplmW 
Sw ollen , move on agitation 

7 

1 in 4,000 

Do 


8 

1 in 0,000 

Do 


9 

1 in 8,000 

Do 


10 

1 in 10,000 

Do 


11 

1 in 25,000 

Do 


12 

1 in 50,000 

Do 


13 

1 in 100,000 

Do 



The effect of change of hydrogen-ton concentration 

Bodin (1921) showed that the pH of the paramcecium culture alters with age 
and Dale and Lovatt Evans pointed out that the vitality of the protozoa is changed 
with increase of hydrogen-ion concentration The rate of locomotion increases 
With the decrease of pH and vice versa Aurin Chase and Glaser (19,30) showed 
that with ai^ alteration in the hydrogen-ion concentration towards acid or alhah 
there, an increase in the movements which is soon followed b)' a rapid 

rnixture Wg^j^ return to normal After the period of recovery the speed is main- 
Jow power of a iii^j-ium This recovery and return of speed to equilibrium depends 
the culture and ta^^^^^ jg organic or inorganic If the acid is CO 2 or an 

ments m eveiy ej, valeric acid, the rate of equilibrium is more than that at pH I 
old so that the orga inorganic acid It was shown that carbonic acid or valerw 
cultuie varied more readily than an inorganic mineral acid, since the 
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former penetrated the proto/onl cells more completely Crane ( 1921 ) stated that 
the paramoecia can live for twenty-four hours m am pH varying from 7 6 to 5 
In our cxpcriincnts we ol)scr\cd that this was onl> true if the pll was reduced by 
CO2 and if oilier mineral acids such ns HCl, H2SO4, etc , W'cre used the paramoecia 
died immcdintcl} probnhl} due to the to\ic effects of the dissociated 10ns of these 
acids 111 the substrate 

A perusal of Table II will show that when h)’drogen-ion concentration of the 
eulture was raised with N/10 NaOH to pH 8, the paramoecia became more vulner- 
able to the venom of Hussell’s Viper Tlicy died in about 1 to 2 hours in concen- 
trations of 1 in 200 and 1 in 100 , wuth higher dilutions from 1 in 600 to 1 in 800 they 
died in 24 hours , still higher dilutions did not appear to have any effect within 24 to 
48 hours A perusal of Table III will show the effect of the viper venom when the 
hydrogen-ion concentration of the culture was lowered by bubbling COo as far as 
pH 5 It will be seen that the venom had no effect on the paramcecium in acid 
media, the only remarkable change obscr\ ed being that the granules became more 
prominent at the caudal end 


Tabic II 


Effect of Fipcr vrnoni on Paramcecium caudatum at pH abovc< 7 0 


Number 

Final dilutions 
of venom 

Eiffct ov paramclcium at DiFrERCKT pH 
RALSED n\ N/IO NaOH 

( 

Rfuarks 

IiH SO 

* ' pH 7 0 

1 

Control 

No effect 

Alive after 24 hours ( 


2 

1 in 200 

Death in 1 25 hours 

Do 1 , 


3 

1 in 400 

Do 

Do 1 


4 

1 in 600 

Death nithin 24 hours 

1 

Do ' 


5 

1 in 800 

Do 

Do i , 

( 

6 

1 m 2,000 

Ahve after 24 hours ! 

Do ' J 

c ' 

7 

1 in 4,000 

Do 

Do 


8 

1 in 6,000 

Do 

Do 


9 

1 in 8,000 

’ Do 

Do 


10 

1 in 10,000 

Do 

Do 


11 

1 in 26,000 

1 

Do 

Do 


12 

1 m 60,000 

Do 

Do 

1 

U 

1 m 100,000 

Do 

j 

’ r. 

Do 

\ 

r 
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STANDARDS FOR PREDICTING THE NORMAL VITAL 
CAPACITY OF THE LUNGS IN SOUTH INDIAN 
WOMEN FROM HEIGHT, WEIGHT AND ^ 
SURFACE AREA •< 


BY 

ELEANOR D MASON, 

Women's Chnstxan College, Madias 

[Received for pubhcatiou, January 1, 1032/March 7, 1932] 

In a previous paper (Mason, 1930) a statistical analysis was made of the 
measured vital capacity of 266 young South Indian women and of the relation 
between this measurement and height, weight and body surface area Of these 
three functions height was found to have the highest correlation with vital capacity 
and from the data a regression equation was deiived and a curve plotted from 
which the average vital capacity of a South Indian woman could easily be 
determined from measured height The results were closely compared with a 
similar analysis of the vital capacities of young American women (Turner, 1927) 
and showed a mean vital capacity 22 per cent less than the American value for 
women of the same height as the Indian mean height 

The present study is based on 587 new measurements on South Indian women, 
which are analysed separately and together with the original 266 The subjects 
were students and members of staff in four women’s colleges and two medical 
schools in Madras and Vellore, together with a much smaller number of nurses, 
school teachers and school girls of 17 years or more They represent a variety of 
South Indian races — Tamils, Malayalis, Telugus, Kanarese, Konkanis and Coorgs 
The age range was 16 to 35 but the great majority were from 17 to 22 years 

The apparatus used was the same as for the first senes, the Collins spirometer, f 
found hy Turner, after a study of several types of spirometers used in American 

* A paper read at the Section of Medical and Vetennary Research, Indian Science Con'Toss 
Bangalore, January 1932 ° ’ 

t Manufactured bv Warren E Collins, 665, Huntington Avenue, Boston, Mass , U S A 

( 117 ) 
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women’s colleges, to be (liorouglih good, filling nil the rcquncments for gettmg 
ucciiratc measuiements nninely ‘ n light bell, accuratel} cmintcrpoiFC , an 
moving without friction so that it stalls easilj and shovs no back 
end and ‘a mouthpiece and connecting tubing of sufficient aperture so a i ^ 
can be received by the machine at any speed vhich the subject finds easy oase 
At the time of mcasuicment the experimenter notched each 
blew into the spirometer to detect crroi in technique or effort whic i won 
give the maximum value Tho'^e who did not perform conectlj neie 
than three trials , but in the great majoritj of cases the highest ^a uc reac 
three trials was recorded Heights n ere measured barefoot and weights were . 

with clothing and conected foi the tjqie of clothing norn Surface are.s 
calculated from the Du Bois chart based on the Du Bois lieight-we g 
[Fig 1 (Du Bois, 1910)] 



J?,g. 1 -Tie Da Bon chart for estimatiag B«tlace h”! « 

„d Lght .cortog to the for,.* Are. M a.)-Wt XH. . 

X71 84 

Tire sta«.cal study has been made wrth the 

Krhble. Professor of Mathemat.cs at f ^,2 X "d ^ 
oorreotion for groupmg was used m oalculatmg the sfamlaiu 


BeSULTS 

Tables I to III show the original date 
Table IV shows the means, standard deviation , 
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of lieiglits, \\ciglits, surface areas and vital capacities, and the coefficients of 
correlation of the Altai capacities A\itli each of the other three measnrements 
The American standards guen for comparison arc taken from a second 
paper by Turner (lOSOn) in rrliich she shows that the vital capacities recorded 
in her earlier paper, rritli aaIucIi the first South Indian measurements were 
compared, rrere too lor\, areraging 2 99 lities as compared with 3 28 m the 
second senes Tlic increase she attributes to an ‘ increase m accuracy ’ of 
measurement due to the ease rrith which the Collins spirometer is bloAvn 
The apparatus used in the earlier series w'as as good as was available at 
the tune the measurements were made 

Table I 

ConclaUon bctucen vital capacity and height in South Indian ivomen 


Height in cm 


Vital CapaciU 
m litres 

Total 

7 

i 

135—130 5 

140—144 5 

146—149 5 

150—154 6 

o 

J 

160—164 6 

166—169 6 

170—174 5 

176—179 6 

180—184 6 

Total 

853 

1 

13 

i 80 

i 

203 

313 

169 

68 

1 

2 

1 

1 

1 05—1 34 

4 



1 

3 




■ 


1 


1 35—1 G4 

41 


6 

1 4 

16 

12 

4 


■ 

1 



1 C5— 1 94 

187 


2 

31 

64 

60 

23 

6 

■ 




1 95—2 24 

322 


5 

38 

82 

129 

47 

18 

1 

1 

1 


1 

2 25—2 54 

192 

1 

1 

I 

6 

31 

79 

56 

14 

2 

1 

1 


2 65—2 84 

79 




6 

30 

26 

11 

1 

6 




2 85—3 14 

24 


i 


1 

2 

11 

8 

2 




3 15—3 44 

4 


■ 



1 

2 

■ 
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T.vblk IJ 

Cor)el<ition bdwcen vital capaciti/ and weight in South Indian women 



90 5 — 101 1 
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Table III 

Corrchhon hclucc)} vUal cajmcity ami surface aim in South Indian 

uomcn 


Siirlnce nrra iii eq ni 


Vilnl cnpicih 
in litre"! 

lotnl 

1 0—1 09 

1 1—1 10 

0 

1 

1 

H 

a 

>o 

7 

1 6—1 69 

I 

O 

00 

1 

00 

C5 

O 

7 

C5 

2 0—2 09 1 

Totil 

Sy3 

O 

40 

211 

302 

206 

68 

20 

2 

1 


1 

1 05—1 6i 

■ 

■ 

2 

> 









1 35—1 64 

41 

1 

6 

15 

18 

3 




1 



1 65—1 04 

187 

1 

23 

64 

70 

24 

5 






1 95—2 24 

322 

1 

7 

100 

120 

62 

23 

7 

2 




2 25—2 64 

192 


3 

25 

72 

68 

20 

4 





2 53—2 84 

79 



5 

20 

34 

13 

6 


1 


1 

2 85—3 14 

24 




2 

14 

6 

2 





316—3 44 

4 





1 

1 

2 






prediction standards The correlation between vital capacity and height is not so 
high as in the first series but the correlations between vital capacity and surface 
area and especially vital capacity and weight are higher Distinctly the best of the 
correlations is that with surface area but whether this is a true correlation cannot 
be established until actual measurements are made of the surface area of Indians 
There is conflicting evidence on the applicability of the Du Bois formulse (1915 
and 1916) to the surface area of the Chinese (Stevenson, 1928) Mason and Benedict 
(1931) have noted that in 54 South Indian women used as subjects for metabolism 
studies the trunk length as measured by the sitting height is shorter and the legs 
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lon^cl in piopoition <o sfaiulinir liH-l.f than is noinial for " ^ 
that otlioi mcasuronicnts aio sufl.cioiith difforont lo require ncu surface area 

foimulai for Indians 

Tmjtu IV 



Number tested 

Means — 

Height, cm 
Weight, hg 
Surface aiea, sq m 
Vital capacity, litres 


Standard dmahons 
Height 
Weight 
Surface area 
Vital capacity 

Coefficients of variation 
Height 
Weight 
Surface area 
Vital capacity 

Coefficients of correlation -- 

Vital capacity, height 

Vital capacity, weight 

Vital capacity, surface 
area ' 


0 464 ± 0 0S2 
0 270 ± ^ 038 
0 424 i 0 034 


0 418 i 0 023 
0 408 ± 0 023 
0 470 ± 0 021 


0 419 ± 0 019 
0 407 ± 0 019 
0 470 ± 0 038 
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From the combined d'dn on Sonlh Indians (Tallies T to III and Column III, 
Table IV) regression equations ha^e been de^l^ed for vital capacity on lieiglit, 
weight and surface area These arc — 

Vital capacit'^ = 0 024 height — 1 494 
Vital capacit) = 0 019 weight + 1 292 
Vital capacitj = 1 417 suifacc area + 0 223 



I'jg 2 — Chart for finding the average vital capacity for 
joung adult South Indian uomcn from measured height 
The solid line is the line of average vital capacity for the 
heights given at the bottom of the chart Vital capacity 
measurements falling above the +16 per cent line and 
below the — 16 per cent line represent very high and very 
low vital capacities 


In Figs 2, 3 and 4 are shown the Imes of regression plotted from these equations 
and from these charts the mean vital capacity can readily be determined for any 
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measured height oi Meighl oi falculuted suihier area In addition, lines repre 
senting plus and minus 15 pei cent of the mean \nlucs aie shown The great 
majoiity of measuied Mini (ajiaeities ^\lll fall bolween these two lines, those 
falling outside being \en high and low If hirer’s statement that ratal 



J^ig 3 — Chart for fanding the average vital capacity for young 
adult South Indian women from measured weight 
Lines as m Fig 2 


capacities 15 per cent oi more below' normal should lead one to suspect pulmonary 
or cardiac disease be correct foi Indians, then the —15 per cent line should be o 
value to institutions which require routine physical examinations and to clinicians 
The evidenc^f clinicians is needed foi establishmg the danger zone of low' vita 
capacities foi Irdjians 
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A stuch lins also boon made of tlie lliroe largest race gioups represented among 
the subjects studied, ‘ISO T mills, 20] Mala^abs and 129 Tclugus The data and 
results for those three groups are shown m Tables V to XT The number of Tclugus 
IS too small foi statistical treatment, but it is intcicsting to note that the upper 



Fig 4 — Chait for findiii*: the average vital capacitv 
for young adult South Indian uomeu from calculated surface 
area Surface area is derived from the Du Boia height u eight 
formula and chart 

Lines as m Fig 2 


extreme of all three measurements falls m this group, m different individuals, and 
that m spite of the fact that the extraordmaiy weight of 101 kg and the very high 
vital eapacity of 3 41 litres occur m this group, the Telugus are still below the 
average in weight and distinctly below the average m vital capacity It is hoped 
that someone m the Telugu district will collect quantitative measurements and 
determine whether the Tamil standards will need to be lowered for Telugus 
The higher value of the Malavab vital capacity is noteworthy This may be a racial 
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dilTercncc apart fiom but it stonis more likcl} tliat it is related to the 

fact tliat almost all Maln‘\nli •\\omeii live moic in tbc open than Tamil uomen and 
that they sunn from the time the} aic dnldion Fig !j slious for comparison tlie 
lines of iegic<’sion of vital oapaf it} on Iieiglit foi the two laigcst race groups and of 



]7jg 5 — Chart comparing the average vital capacity 
for measured height for Tamil, Malayab and American 
women The dotted line shows the average foi combined 
groups of South Indian n omen as in Fig 2 


American ■women, and Figs 6 and 7, vital capacity and weiglit on vital capacity 
on surface area for the same groups The equations foi these are 


Tamils 


Malayalis 


Americans 


V 0 == 0 023 Ht — 1 455 
VC = 0 020 Wt + 1240 
VC = 1393S A + 0211 


V C = 0 028 Ht - 1 981 

VC = 0 021 Wt + 0 907 

VC = 1 505 S A + 0 186 


V C 

V C 

V 0 


= 0036 Ht - 2 700 
= 0023 Wt + 2017 
= 1901 S A + 0279 




Fig C — Clmrt compnnng tlic nvcrnge \ iffll capacity for mca<!urcd weight 
for Tamil, Mala^nlI and Amcncnn women The dotted lino shows the average 
for combined groups of South Indian women as in Fig 3 



F H 11 I li ^ 14 , 13 

[-T-j - ' I ■ I — [ — — j. Stl'iow tlerves' ^ 

area^fL capaoityTor calcnlatid surface 

nv^ Tamil, Malayah and American women The dotted line shows the 
age for combined groups of South Indian ■n'omen as in Fig 4 
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Taui.i V. 


Coi ichtlion hclurcn -i i(al cajiaafy and hcujJd in Tamil uomai 



Correlation between vital capacity and height in Malayali women 

] Hwglit in cm 


Vital capacity in 
litres 

1 

Total 

130—134 5 

1 

' lO 

O' 

1 1 

1 lO 
i CO 

i 

! io 

r-* 

1 

1 ^ 

io 

05 

1 

lO 

150—154 5 

lo 

o 

lO 

1 

K) 

i-H 

CO 

(■*4 

! 

O 

O 

r-1 

165—169 5 

t- 

1 

o 

c- 

fW 

“j 

Total 

291 

1 

3 

i 

20 

i 

76 

108 

58 

21 

3 

1 

1 05—1 34 

1 


■ 


1 






1 35—1 64 1 

6 , 


B 


4 


1 




1 65—1 94 



! 

9 

17 1 

16 

5 

2 

1 


1 95—2 24 

101 


2 

9 

33 

42 

7 

7 


1 

2 25—2 64 

76 

1 


2 

15 

37 

20 

1 



2 65—2 84 

39 




6 

12 

15 

4 

2 


2 85—3 14 

16 





1 

9 

6 



3 15—3 44 

2 

• 





1 

1 
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TAni.r VII 

Correlation hclnccn vital capacity and ucigJit m Tamil women 


Weight m 1 g 


Vital cnpacit'N m hire" 



■ 


to 


CD 


rtt 

CD 

Total 

c? 

1 


T 

T 

iTi 

1 

O 

1 

CD 

1 

CD 

I 



li 





1 

ID 

ID 

ID 



o 


o 


CO 

f-H 

CD 




Cl 


« 

•}< 


ID 

ID 

CD 

Total 

389 

4 

51 

121 

114 

06 

18 

10 

3 

1 05—1 34 

1 


1 




■ 



1 35—1 64 

25 


8 

8 

0 

3 

■ 



1 65—1 94 

95 


22 

32 

25 

9 

B 



1 95—2 24 

160 

1 

19 

56 

60 

26 

3 

o 

u 

1 

2 25-2 54 

78 



21 

27 

16 

8 

4 

1 

3 oo — 2 84 

23 


1 

3 

C 

8 

3 

2 


2 85—3 14 

0 



1 


4 


1 


316—3 44 

1 








1 


Table VIII 


Correlation beliveen vital capacity and weight in Malayah women 


Vital capacity 
m litres 




Weight 

to 

c 







1 

t 

1 

Total 

26 5—31 4 

I 


CD 

I 

Ml 

40 5—51 4 

CD 

ir 

1 

ID 

l-H 

ID 

56 5 — 61 4 

61 5—66 4 

66 5—71 4 

71 6—76 4 

Ml 

CD 

■i 

CD 

Total 

291 

3 

29 

1 

77 

90 

66 

23 

B 

' 5 

1 

■ 

■ 

B 

1 05—1 34 

1 



1 






i 

i 

i 

1 35—1 64 

6 

1 


4 






■ 

■ 

■ 

1 65—1 94 

50 

2 


20 

lo 

2 

1 

1 


■ 

■ 

■ 

1 95—2 24 

101 



36 

20 

17 

7 

2 

2 

■ 

■ 

B 

2 25—2 54 

76 


8 

15 

24 

17 



2 

■ 

■ 

B 

2 55—2 84 

39 


1 

1 

18 

15 

2 

1 

1 

■ 

■ 

B 

2 85—3 14 

16 




7 

6 

3 

1 


■ 

■ 

B 

3 15—3 44 

2 







2 


1 

1 

1 


J, MB 


9 


66 5—71 4 
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Tatili: IX 

Cojielalion between vital capacity anil surface aica m Tamil women 


Siirfncc nren in sq ni 


j Vital capacity 
in litres 

Total 

c* 

o 

O 

1 

O 

Cl 

1 


2 

pw 

1 

C) 

r-t 

} 

rW 

1 

o 

r* 

\ 



] 

O 

1 

1 

Cl 


J. 

1 

1 

tc 

1 

t* 



r-t 


1^ 

1 

|W 


P-1 

p4 

Total 

389 

1 

24 

98 j 

138 

91 J 

JO 

f. 

1 

1 05—1 34 

1 


1 

1 

1 






1 35—1 64 

26 


! 4 

8 

11 

2 

i 


! 

1 65— 1 94 

95 


14 

35 

28 

15 

^ 3 



1 95—2 24 

160 

1 

4 

47 

65 

32 

8 

2 

1 

2 25—2 54 

78 

1 

i 

1 

5 

31 

28 

12 

1 


2 65—2 84 

1 23 

I 


3 

2 

12 

5 

1 


2 85—3 14 

6 




1 

2 

2 

1 


3 16—3 44 

1 







1 

i 

1 


Table X 

Correlation betiveen vital capacity and, surface aiea in Malayali women 


Surface area in sq m 


Vital capacity 
m litres 

Total 

1 0—1 09 

o 

pH 

1*4 

1 

pH 

pH 



1 

»c> 

pH 

1 

lO 

PH 

o 

pH 

1 1 
o 

f-H 

o 

pH 

1 

C* 

pH 

Total 

291 

1 1 

i 

10 

71 

1 

96 j 
.. i 

80 

25 

8 

1 

1 05—1 34 

1 

j 


j 

1 






1 35—1 64 

6 


1 

3 

1 

1 




1 66—1 94 

60 


6 

14 

23 

6 

1 



1 95—2 24 

101 


2 

36 

35 

18 

8 

2 

1 1 

2 26—2 64 

76 

« 

1 

16 

25 

26 

6 

2 


2 65—2 84 

39 



2 

11 

19 

5 

2 


2 85—3 14 . 

16 




1 

10 

4 1 

1 


3 16—3 44 

2 





# 

1 j 

I 

■ 
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TAnrr XT 


Slahshcal data coniparwq three racml qtoups of South Indian women 



Tamils 

Slalajalis 

Telugus 

Number tested 

380 

291 

129 

ATcaivs — 




Height, em 

151 G4 

151 07 

161 86 

Weight, kg 

42 91 

44 06 

43 17 

Surfnoo area, sq m 

1 35 

1 37 

1 36 

Vital capacity, litres 

2 093 

2 244 

2 066 

Standard dctiialions — 




Height 

6 13 

6 65 

6 95 

Weight 

C40 

C 78 

8 16 

Surface area 

0 11 

0 11 

0 12 

Vital capacity 

0 309 

0 349 

[0 323 

Coejpcients of vanatton — 




Height 

0 0404 

0 0366 

0 0392 

Weight 

0 1493 

0 1540 

0 1891 

Surface area 

0 0793 

0 0789 

0 0899 

Vital capacity 

0 1476 

0 1666 

0 1674 

Coc^cienfs of correlation — 




Vital capacity, height 

0 464 ± 0 027 

0 441 ± 0 032 


Vital capacity, weigat 

0 412 ± 0 028 

0 400 ± 0 033 


Vital capacity, surface 
area 

0 483 ± 0 026 

0 466 ± 0 031 
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The diffeicncc between tl)eweslerngioiip nnd tlie Indian groups is very striking 
Expressed in t}io ratios intioduccd In West (1920) tlic following values are found 
for Indian, Chinese (Foster and Hsich, 1923) and American women — 


1 

Indians 

Ciiincsc 

Americans 

Number tested 

853 

1 

75 

[1,337 

vital capncitj’, c c | 

Height, cm 

14 2 

1 

140 

"“201 

Vital capacity, litres 

i 1 58 

1 50 

2 07 

Surface area, sq m 


Discussion 


The s'lqmfcavce of the vital capacity weaswement ■ — The studies of Turner 
(19306) on normal women and of many vrorlcers on pathological cases show^ a close 
lelation between vital capacity and health The influence of disease upon vital 
capacity is discussed by Myers (1925) in his book, ‘ The Vital Capacity of the 
Lungs ’ This influence may be summarized as follows past diseases which leave 
lowered vital capacities are those affecting the thorax, especially pleurisy, 
tuberculosis and cardiac disease , present diseases where reduced vital capacity 
measurements have clinical significance are cardiac disease, pleurisy, pneumonia, 
pulmonary tuberculosis and to a lesser extent hyperthyroidism, emphysema, 
asthma, pneumothorax, pulmonary abscess, and new growths The use of the vital 


capacity measurement in the diagnosis and more particularly in the prognosis 
and subsequent treatment of these diseases has been found to be very helpful 

Turner (19306) has made a very interesting stud}’- of normal women, i e , college 
students, of high and low vital capacities, and finds the vital capacity measurement a 
useful index of general physical fitness She finds the students of high vital capacity- 
superior in vigor, in athletics, in general health and even m academic work She 
has also studied the question of the fixity of the vital capacity level m the same 
indmduals Measurements of students taken at the end of four years of college 
life and compaied with those taken when they first entered college show no 
appreciable change, thus justifying the use of her standards based on 1st year college 
women fox adult women in general On the other hand, when a group of very ow 
vital capacity students was placed under the special direction of the physica 
training department and given for nine months special exercises for thoracic 
development and mobility, the increase in vital capacity in 50 per cent of the cases 
was 210 to over 600 o o Her evidence from the past history of high and ow vi < 
capacity students pomts to the years of adolescence as the most effective 
tiainmg in thoracic development A good vital capacity attained in esc y 
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docs not appear to be casil} lost even when subsequent years include very little 
sturdy exercise 

It IS hoped that similar experiments to see ivhether the vital capacity of very 
loi\ Indian students can be raised by special training can be made in the Women s 
Christian College A stud} is also being made of the effect of four years of 
normal college life vitli regular out-door exercise on the general level of the 
student vital capacit} 

Ttacc and vital capaatij — It seems obvious that some of the difference betiveen 
the vital capacities of Indian and American women is due to difference in activity, 
particularly activity during childhood and adolescence, and that as India lays 
increasing emphasis on physical training m schools and colleges and Indian 
women and girls achieve increasing freedom of movement this difference will 
be diminished But that Indian w'omen whose vital capacity for their mean height 
of 151 6 cm IS now 2 15 litres, will ever, through any amount of physical trammg, 
attain the American level for the same height of 2 84 litres seems most unlikely 
There appears to be here, and m the findings of Bhatia (1929) for Indian men*, 
a real racial difference How much of this difference may be strictly anatomical 
could be determined by a series of external anthropological measurements and by a 
study of the weight of the lungs Baron von Eickstedt, Director of_the Anthro- 
pological Institute of the University of Breslau, who has made an anthropological 
study of thousands of South Indian peoples which did not, unfortunately, include 
thoracic measurements other than the shoulder-breadth, has expressed in a letter 
to the writer his personal opinion that the difference will prove to be physiological 
and not anatomical The fact that very low vital capacities are also found in the 
Chinese (Foster and Hsieh, 1923) whose physical build is different from that of the 
Indian would suggest that a low vital capacity is a physiological characteristic of at 
least some Oriental peoples rather than an anatomical vaiiable 

Summary 

Measurements of heights, weights and vital capacity of 587 new South Indian 
women subjects are shown to have no significant variation from the measurements 


* Since this paper went to press a paper has appeared on ‘ The Vital Capacity of 103 Male Medical 
Students in South India ’ (Knshnan, B T, and Vareed, C, Ind Jour Med Res , 19 , No 4, p 1166) 
The average vital capacity found is 2 93 litres If the Anglo Indian students, of whom a separate 
study should be made, are omitted, the average becomes 2 86 htres, which is only 67 per cent of the 
average for British and Amenoan men of the same height, as compared with 76 per cent reported for 
South Indian women m the present paper Bhatia s average for 100 male medical students in Bombay 
(presumably Marathis) is 3 091 htres which is 73 per cent of the average for western men of the same 
eig t It seems unlikely that the South Indian men are as low as reported by Knshnan and Vareed 
it w** ^°eet too higJi a vital capacity measurement and very easy to get one too low 

spirometer^ extend the senes on South Indian men with abetter type of 
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on 266 women rccoidcd :n an earlier paper From tlic combmed data regressjon 
equations are derived foi vital capaoty on height, v eight and surface area and 
charts drawn for predicting normal vital capacities from tlicse three measurements 

Analysis of thiec race gi oups, Tamils, Malayahs and Tchgvs, shons that 
the Malaj^ahs have a highei ritnl capacity Compaiatnc charts are drawn for 
Tamil, hJalajmli and Ameiican women The average \ital capacity for Indian 
women is found to be 76 per cent of tlic average foi American w'omen of the same 
height as the Indian moan height 

The significance of the vital capacity measurement in health and disease and 
the question of racial influence on vital capacity are discussed 
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THE EELATI^^3 SUSCEPTIBILITY OF CHINESE HAMSTERS 
{CRICETULUS GRISEUS) TO KALA-AZAR BY THE 
ORAL AND SUBCUTANEOUS ROUTES 

Lieut -Colonel H E SHORTT, r z s , i m s , 

AND 

C S vSWAMINATH 

{From (he Trypanosomidoe hiquiiy, Paslevr Institute of India, Kasauh) 
[Rocoivcd for piibLcation, March 7, 1932] 

OuE experience with hamsteis had shown that a percentage approaching 
100 per cent became infected with kala-azar when the infective material, whether 
flagellate or m the Leishman-Doiiovan body form, was introduced by the intra- 
peritoneal route As infection by this route is not possible under natural conditions 
it becomes important to decide which of the two most probable natural routes of 
infection, viz , the subcutaneous (intracutaneous) or oral, gives the highest number 
of infections under experimental conditions 

A study of the work done on this subject shows some discrepancies m the 
results of different workers and, as comparative experiments in no case appear to 
have been done on a large scale, we thought it advisable to place on record our own 
findings in order that they might be considered along with those of other observers 
Young, Smyly and Brown (1926) m a senes of infection experiments with 
Chinese hamsters and the Leishman-Donovan body form of L donovam record an 
infection rate of 21 per cent when the parasites were introduced by the subcutaneous 
route as against 67 per cent when they were introduced by the intraperitoneal 
route, the same dose of inoculum being used Hindle and Patton (1926) working 
with the same species of Chinese hamsters record entirely negative results when 
Leishman-Donovan body forms of L donovam were introduced by the percutaneous 
and subcutaneous routes 

Having a number of hamsters not required for other experiments we decided 
to do a small senes of experiments, using both the Leishman-Donovan and the 
flagellate forms of L donovam, with a view to comparing the relative susceptibility 

to this parasite of the Chmese hamster, C gnseus, by the subcutaneous or oral 
routes 
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Sitsceplibthij/ of Chinese Jlamstos to Kah-azar. 


Erj)cwncnf(t 

The inoculum, wlietlicr Leisliman-Ponovan hodv or cultural forms of 
L donovam, vsas accuralcl} measured m a tuberculin sjTinge and, in each expen 
ment, tlio same dose \\ns administered ‘jubcutancouslj into the loose tissues of tk 
back 01 orally by dropping it slow ly into the motifli of the animal 

As the animals generally ejected a considerable portion of the material dropped 
into tbeir mouths it should be noted that the dose administered subcutaneously 
and theiefore ncces'?arily retained ?w ioto, ysas ahvays actually in excess of tk 
effective dose given by the oral route thereby giving an advantage to tk 
subcutaneous route The details of the experiments arc recorded helov ui 
tabular foim — 

Table I 


Slioiving the tesulis of ^vfcctmg Chinese hamslas with (he Leishman-Dcnovaii 
bodif fotm of L donovam hy the sitbcntancons oml oral routes ies2iectivehj 




Infecting 

route 


Duration in days 
and method of 
termination of 
experiment 

nnSVLT OF EXAJIIXATIOX 

Hamsters 

Inoculum 

Cultural 

Direct 

microscopical 

S L D 

1 

Subcutaneous 

0 25 c c of li\ er 
and s p 1 0 0 n 
emulsion of in 
fected hamster 

133 AivTonl lolled 

' 1 

1 ‘ 

+ 

— 


2 . 

Do 

Do 

1 133 

Do 


+ 

*/ 

3 

Do 

Do 

133 

Do 

1 

i + 

+ 

9> 

4 . 

Do 

Do 

133 

Do 


+ 


5 

Do 

Do 

133 

Do 

— 

— 

» 

G 

Do 

Do 

119 Animal died 

No culture 

+ 

91 

7 

Do 

Do 

133 Ammal killed 

+ 

4- 

» 

8 

Do 

Do 

133 

Do 

+ 

+ 


9 

Oral 

Do 

133 

Do 

+ 

: + 

t 

» 

10 

Do i 

Do 

133 

Do 

+ 

I + 

99 

1 

n ' 

Do 

Do 

133 

Do 

+ 


» 

12 

Do 

1 

Do 

133 

Do 


i + 

99 

13 

Do 

Do 

133 

Do 

+ 

+ 

99 

14 

Do 

Do 

133 

Do 


+ 

*9 

15 . 

Do 

Do 

133 

Do 


+ 

1 

99 

16 

Do 

Do 

133 

Do 

+ 

+ 
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Tlic results in this experiment show that out of sixteen hamsters given the same 
dose of the Leishman-Dono\ an body form of L donovani, half by the subcutaneous 
and half by the oral route, sc\ en out of eight of the former and all of the latter 
became infected 


Tabil II 


Shoeing (he rr’nths of jvfccting Chinese hamsters m(h the JlagcUaie foim of 
L donovani bg (he snbentaneous and oial i antes i esgicctively 




Infecting 

route 

1 

Duration in da\s 
and method of 
termination of 
cvperimcnt 

Result op examination 

HtvmstcrE 

Inoculum 1 

Cultural 

Direct 

microscopical 

S C 

1 

Subcutnncom 

0 25 c c of 
centrifuged 
culture of 

L (foiioiant 

142 Animat killed 

+ 


a 

2 

Do 

Do 

142 

Do 

+ 



3 

Do 

Do 

142 

Do 


+ 

» 

4 

Do 

Do 

142 

Do 


1 

ft 

6 

Do 

Do 

142 

Do 

+ 

+ 

11 

9 

Oral 

Do 

142 

Do 

- 

- 

11 

10 

Do 

Do 

142 

Do 

+ 

+ 

1 

11 

Do 

Do 

142 

Do 

- 

— 

11 

12 

Do 

Do 

142 

Do 

- 

— 

11 

13 

Do 

Do 

142 

Do 

+ 

+ 


The results in this experiment show that out of ten hamsters given the same 
dose of cultural forms of L donovani, half by the subcutaneous and half 
by the oral route, all of the former and two out of five of the latter became 
infected 


Conclusions 

1 The Chinese hamster Cncetulus gnseus is very susceptible to infection 
with L donovani in both its flagellate and non-flagellate stages whether the 
infection be by the oral oi subcutaneous routes 
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Si(sce2)iihihf}/ of Chinese JJamsteis to Kala-azm 

2 (lie i,oii-flngcII..(c >,lnKC of L tlierc is prnctieally an e,u.t 

susceptibility by tlic 1%\o routes 

3 ith the flngcllatc stage of L doiwxam the susceptibility isgr < y 
subcutaneous route 
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THE DISTRIBUTION AND CAUSE OF ENDEMIC GOITRE 
IN THE UNITED PROVINCES 

Part II 

THE NAKED EYE AND MICROSCOPIC ANATOMY OF GOITRE, 
MHTH SPECIAL REFERENCE TO THE ENDEMIC GOITRE 
OF THE UNITED PROVINCES * 

BY 

Lietit -Colonel H STOTT, md, frcp, dph, ims. 

Professor of Pathology, Kxng George’s Medical College, Lucknow 

[Received for publication, March 7, 1932] 

In attempting to deal ivith the distribution and cause of endemic goitre in the 
U P , it became necessary to examine the naked eye and microscopic features of 
the goitre specimens obtained A summary of these results is set out m the 
following paper — 

Source of specimens 

Owing to the difficulty of obtaming post-mortem material and to the reluctance 
of goitrous persons for an operation even if indicated, specimens of goitre from the 
U P endemic area were not easily obtained I have, however, succeeded 
in collecting some 25 specimens from police post-mortems, and through the kind- 
ness of surgeons operating in the endemic districts and at King George’s Hospital 
Many specimens from other pathological museums in India have, too, also been 
examined 

Pathological anatomy 

Each specimen from the U P endemic area examined indicated that it 
commenced as the primary difiuse colloid enlargement usually found in simple 
non-toxic endemic goitre The gross appearance, however, varied in different 
goitres and m different parts of the same goitre being due to the extent of secondary 

* Part I of this investigation dealing with cbnical and retiological observations, and the distnbu 
tion of endemic goitre in the Umted Provinces was published in the Indian Journal of Medical Research 
of April 1931 
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changes In this U P senes sucJi \aiiefl appearances arc best described under 
the following seven heads and vitli the diagrams of the tc.\t-fignrc, the photograpis 
1 to 4 (Plate A^I) and iniciophotogiaplis 1 to b (Plate A^I) 


I SiMPLn HYrnnTnoriiy 

The first shoitlived stage of a diiTiisc colloid goitre is probably a slight general 
enlargement fiom a compcnsatoi} liypcitroph} of functioning tissue to meet an 
incicased demand by the body foi thjroMn Microscopical!}, such a goitre is 
indistinguishable from the structnic of the normal gland, and the enlargement is 
mainly due to an inciease in tJic number of follicles Each follicle is still approsi 
matel}'' of the same size, allowing foi the usual difltcicnce in the plane of the various 
tangential sections, but perhaps some small increase in the amount of the intra 
follicular colloid can be made out The vesicles aic still lined bv a cuboidal-celled 
epithelium with deeply stained nuclei No specimen m this stage was ohsened 
(see Plate A^II, microphotogiaph 1, normal thjuoid} 

II Pressure atrophy and cystic degeneration 
The second stage is one of diliuse and mci easing distension of each folhcle 
of the whole gland from colloid retention, which causes a pressure atrophy of the 
functioning cuboidal epithelium the cells of which become markedly flattened 
The th}T:oid enlargement is now due to colloid retention and the gland is m a condi- 
tion of atrophic degeneration rather than of hypertrophy for the functional capacity 
of each gland unit is dimmished As each follicle is affected, the enlargement is 
fairly uniform and bilateral The gland in this stage is elastic and smooth on 
palpation and, on section, shows a honeycombed structure filled wnth translucent 
amber-coloured colloid, which may be stained a reddish or brownish colour horn 
slight haemorrhage (Text-figure, 6, and Plate A^II, microphotograph 2) 

The pressure atrophy of the epitheluun and of the mterfollicular tissue increases 
and adjoinmg distended follicles coalesce to form small colloid cysts This process 
may be distributed as multiple small colloid cysts, throughout the whole gland 
(Text-figure, c), or as a collection of small cysts in a localized area which may unite 
to form a large colloid cyst (Text-figure, d) More usually these two types are 
combined in varied degrees Large colloid cysts project from the surface of the 
gland and are readily palpated as a ‘nodular’ colloid goitie— -which clinically 
becomes commoner as middle age is approached 


III Fibrosis (a) Penlohulm oi capsulm, and (h) Intralobuhi oi 

penjolhcular 

The fibrous tissue of the gland becomes condensed as a result oi the epithelial 
atrophy To this factor is added an increased fibrosis from long continued irrita 
tion due to colloid retention or to the cause of the colloid retention. 
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Text EioTmE — ^Diagrammatic representation of macroscopic sections through various goitres 

(а) Normal thyroid Normal secretion 

(б) Diffuse colloid goitre, with slight perifollicular fibrosis Total secretion of gland 

normal 

(c) Diffuse small nodular goitre Diffuse cystic degeneration of a colloid goitre with 

marhed fibrous encapsulation and fibrous atrophy of remaining thyroid tissue 
Hyposeoretion A goitre not unusually found in tho congemtal goitre of cretins 

(d) Large localized nodule in a diffuse colloid goitre Little fibroid change except 

capsular Secretion normal 

(e) Complete bilateral fibroid atrophy in an old goitre Hyposeoretion Myxmdema 
(/) Complete bilateral atrophic thyroid from a cretin, without goitre Htper secretion 
(g) Three adenomatous nodules containing functionally active thyroid tissue resulting 

from compensatory hypertrophy in a mixed nodular gland, with two colloid nodules 
Total secretion clmioally normal 

{h) Large primary ‘ toxic adenoma ’ in an otherwise normal thyroid Hyposeoretion 
Clmical thyrotoxicosis 

(y ) The diffuse adeno parenchymatous (pnmary toxic) goitre of Graves’ disease 
(1.) Secondary toxic adenoma, developmg m a colloid goitre 
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{a) Podolndar o} cajmdar fib}o^is 

TJie surface of tlic gland on section in tlio earlier degrees of fibrosis appears 
more lobular in cliaractci due to the perilobular distribution of this early fibrosis 
(Text-figure, 6) uhilst later each colloid cyst may' become surrounded by a den'^e 
fibrous tissue capsule so that ultimately', if the colloid cj’sts are numerous, 
veiy' little noimal thyroid tissue may be loft Clinically' interlobular sulci 
appear on the external surface uhich become more and more appreciable on 
palpation A diagrammatic section through such a gland is shown in Text 
figure, c, whilst microscopically' the great increase m the fibrous tissue capsule 
IS well shown in Plate VII, micropliotograpb 3 Many' of the larger colloid 
nodules liave a white fibrous centre from which fibrous strands radiate 
outwards towards the periphery 

(b) InUalohnlm 07 poifolhcnlm Jibros7s 

The excessive strain on the gland epithelium finally results in its widespread 
atrophy so that in addition to a perilobulai irritant fibrosis a peiifollieular and 
intralobulai replacement fibrosis now surrounds the individual degenerating and 
broken up groups of vesicles (Plate VI, photo 2, and Plate VII, microphotograph 4) 
The older the tumour the more marked the fibrosis Indeed m some old 
goitres the gland may be found entirely replaced by fibrous tissue, so that 
clinically the gland becomes as bard as stone— and clinical signs of myxoedema 
are likely to appear (Text-figure, e, also Plate VI, photo 3) Thus a simple 
goitre in this stage presents a picture of an increasing degree of fibrosis 
at first perilobular and later intralobular in character, which is usually 
aecompamed elsewhere m tlie gland by increasing colloid accumulation m 
larger and larger cyst formations 

IV Calcification and H/®mori?hade 
Calctjicahon 

In such a degenerate gland calcareous deposits obvious to the touch or to 
the knife are not infrequently observed One specimen m King George’s 
Medical College Museum [M [b) 10 1] shows a large cyst, the wall of which is 
completely calcified A third common site for calcification is the white fibrous 
centre of a large colloid nodule 


Hoemoiihage 

Hsemorrhage may occur into a colloid or solid nodule It may be so small as 
to only slightly coloui part of the gland (see Plate VI, photo 1) or so large as o 
cause a rapid local increase in size. 
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V EpiTuruAi ovi ROROWTii (o) Comjicnsalory nodvlcs, and (b) Toxic 

goitres 

{«) Compensatory cjnthchal nodules 

Small salul adenomata wore observed in the diffuse colloid goitres from the 
U P endemic area and arc appnrentlj in the nature of compensatory hyper- 
trophvto proMde some Ihjroxin for an individual on the verge of subthyroid- 
ism These mixed goitres are bilateral and nodnlai on external palpation from 
old colloid cysts whilst on section they show the small soft opaque w'hite or reddish 
solid adenomata on a background of the diffuse colloid change (Text-figure, g, and 
Plate VI, photo 2) In a fresh slice section, solid adenomata are granular, 
moist and rawbecf-likc in appearance Jlicroscopically, the adenomatous nodule 
consists of th}roid epithelium m an active secretory phase Large numbers 
of epithelial cells often m several layers form small round or irregularly-shaped 
acini with slit-like lumens which are packed together in close contact (Plate VII, 
microphotograph 5) At periods of greater secretory activity the lumen becomes 
larger and epithelial papillarj processes proliferate rapidly into the watery secretion 
they contain Into this secretion the epithelial cells often desquamate Such 
epithelial processes may also proliferate into the colloid vesicles of a colloid goitre 
(Plate VII, microphotograph 6) The cell nuclei are frequently vesicular, and stain 
feebly and migrate tow'ards the peripheral basement membrane so that the ceils 
appear columnar in shape In their c\ toplasm granules or vacuoles indicating 
various stages of secretory activit) can be made out Collections of lymphocytes 
ilggregate in the lymphoid spaces The connective tissue is increased being cellular 
and markedly vascular, w'hence the ‘ raw beef ’ appearance 

(b) Epithelial or toxic goitres 

No specimen has been observed of the development in a pre-existing colloid 
goitre of a large solid adenomata accompanied by clinical thyrotoxicosis (toxic 
adenoma) (Text-figure, 1) nor has a toxic adenoma been observed in an otherwise 
normal gland (Text -figure, h) On no occasion has the clinical condition of any 
indiv idual in an endemic area aroused any suspicion of such a secondary or primary 
^ toxic adenoma No example of the difiuse adeno-parenchymatous change of 
primary exophthalmic goitre (Text-figure, j, and Plate VI, photo 4) has been met 
with m the U P endemic areas In contrast with colloid goitre, the latter 
type is small, soft, bilateral and not nodular on external palpation, whilst on 
section such goitres are uniformly homogeneous rawbeef-like and glandular 

VI Malignant change 

Malignant change arises far more frequently in a diseased than in a normal 
thyroid, and is especially apt to arise m an old nodular goitre Malignant thyroid 
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disease is believed to be some ten times more frequent m endemic goitre areas 
than in goitic-fiee mens Clinically, tlio change first starts as a lump ivlucli 
rapidly inereasos m size and haidncss and finally breaks through its capsule 
Microscopicall}’-, one of three mam tjqics may be m preponderance (1) adeno 
carcinoma, (2) papilhfcious, and (3) scirrluis The proportion of malignant 
adenomas to papilliferous adciio-carcinomas is probably somewhere in tie 
neighbourhood of as 9 is to f Malignant adenomas probably occur in a 
still higher propoition in endemic goitre areas whilst m non-goitre areas the 
piopoition is probably definitely lovei Sciirhus carcinoma is by far the 
laiest form In the U P malignant goitres, tlic cases examined were of the 
malignant adenoma tj'pe [Path Miis Spec No M (b) 13] 

VII Congenital thyroid iryroFUNCTioN (a) Colloid go 7 tre, and 

(b) Fibwid hypoplasia 

Cretins are frequently born uith large colloid goitres, and the mothers of such 
cretins frequentlj'- have colloid goitres of man}’’ years standing In the worst cases 
cretins are bom W’ltli completely fibroid goitres (Text-figure, /) In the second 
generation colloid goitre in the adult is still generally harmless, but after three, 
four or five generations the thyroid germplasm has become so weakened that con 
genital colloid goitre and fibroid hypoplasia which have arisen during intra- 
uterine life are frequently found in association with infantile myxeedema, deaf 
mutism, idiocy and cretinism 


SUSIMABY 

1 The endemic goitre of the Umted Provinces is a diffuse colloid goitre, 
proceeding to nodular cystic degeneration with extensive fibrosis 

2 Such goitres are not usually associated with clmical subthyroidism but 
when fibrosis is extensive the onset of signs of myxeedema is readily understandable 

3 Small adenomatous nodules of thyroid cells m a stage of active secretion 
may be observed m such goitres and are apparently the result of an effort at com- 
pensatoiy hypertrophy 

4 Large adenomas with thyrotoxicosis and adeno-parenchymatous goitres 
with Graves’ disease have not been observed in the U P endemic areas 

5 Malignant change is far more common in endemic goitres than in the 
healthy thyroid, and is usually of an adeno-caicmomatous tjqie 

6 Cretins with large colloid or 'small fibrous goitres are the oftsprmg of maternal 
subthyroidism acting through several generations 
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E\^LA^ATIO^ OF Plate VI 

— Colloid nodules, witli extensive perilobular fibrosis From a male of 
30 years who died of cerebral malaria (a) ThjToid cartilage 
(b) Cricoid cartilage (c) Larynx (d) Trachea [K G M C Path 
Mus Specimen No M (b) 111] 

2 — Colloid goitre Intralobular fibrosis Small nodule of epithelial 
hyperplasia [K 6 M C Path Mus Specimen No M (b) 10] 

3 — Old fibrous goitre From a male of 6 years With some slight 

calcareous change The right recurrent laryngeal nerve was pressed 
on with right vocal cord paralysis, dyspnoea and hoarse speech 
[K G M C Path Mus Specimen No M (b) 11] 

4 — Thyroid from exophthalmic goitre Dull opaque white m appearance 

Presented by Sir James Berry from a case in England 


Mr 
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Explanation or Plate WI 


Microphotograph 1 
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Normal tliyroicl and simple hyjiertrophic goitre 
Colloid goitre Acini vary much in size Colloid abundant 
Epithehum flattened 

Colloid goitre Perilobular fibrous capsule 
Intralobular and jierifolhcular fbrosis 

Adenomatous nodule, of closely packed epithelial hyperplasia 
mtb narrow lumens 

Epithelial hyperplastic processes projecting into the anm of a 
colloid goitre 
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Microphotograph 6 
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THE DISTRIBUTION iVND CAUSE OF ENDEMIC GOITRE 
IN THE UNITED PROVINCES 

Part III. 

CAUSE AND SUMMARY OE TREATMENT 


BY 

Likct -Colonel H STOTT m d , k R c p , d p n , i m s , 
Professor of Pathology, Kttig George's Medical College, Lucknow 

[Received for publication, Marcli 7, 1932 ] 


In tbe ludtan Journal of Medtcal Research for April 1931, Part I of this paper was published, 
sotting forth certain clinical and rotiological obsen ations and shoving the connection betveen the 
distnbution of endemic goitre in the United Provinces and dnnking v oters of high calcium 
content 

The following is a brief summary of the appropriate sections — ■ 

1 In the United Provinces there are four areas of endemic goitre (a) The 
Himalayan area, {b) the sub-Himalayan foot-hill area, (c) the marshy tract 
along the north bank of the Gogra river, especially where its Himalayan tributaries 
join, and (d) the Padrauna Tehsil tract of Bhat soil 

2 In all areas, the evidence for the most intimate connection between 

goitre population groups and a water-supply of high calcium content has been 
remarkable This connection has existed for decades of years and is recognized in 
many instances by the inhabitants themselves , 

3 In the Himalayan aiea, goitre is endemic in certam scattered vdlagesj 
of the hot damp valleys situated under 5,000 feet above sea-level The goitre 
rate of affected villages is about 40 per cent, with some 4 per cent of deaf mutes 
Cretins also are found The water supply is mainlv by the mountain springs 
In the goitre villages exammed these sprmgs were traced to hmestone rocks 
often the so-called ‘ growing ’ rocks Vegetation breaks up the soft hmestone 

{ M7 ) 
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luul })\ flu* (arl)on {linxido prodiurd in 11*1 ^'rowth rnulrrs insoluble lime soliAle 
ixb (aidum laihonatf 

i J hi '^vh-J] imidaifini fool-hill ana is a (cntrc of minor cnclcmicitj Tie 
poxtio into IS onh some .M (o .1 jht tent The ^safer supph in tlie alTccted ullageh 
IS from sluillon nclK ami from lull rnulels nlnch course o\or ■nater-woin 
limestone lioulders and lime Kajiber from the Jnountams The Mllagers most 
affected nic along tliese millets tillages whicli obtain tlicir suppl}* from tie 
Rapli rncr aie goitrc-fiee The plateau tract to the south of this area is 
goitre-free except for imported eases 

5 Thr nianshi/ had ahiuj Ihc north hanl of the Goqia river forms a highlj 
endemic area uitli nieas of }npercndcmicit\ nlierc the Idimalaxan tributaries join 
In the uorst localities the goitie rate is 70 per cent, whilst numerous cretins 
and deaf-mutes me met with The area is locall) hnown as the ‘abode of fools’ 
and human intelligence is rccognifcd to dimmish with length of residence therein 
Drinking w’ator is mainly from shallow wells in an alluvial sod m which the subsoil 
water level is very high This sod is inundated in the lams with the water 
containing much lime from tlie mountains Tins lime is deposited with each fresh 
layer of alluvium The porous sod of this area is similar to that of the Padrauna 
Tehsd and, Idee it, contains a very high proportion of calcium, wdneh reaches 9 
per cent, or some thirtjdold above the normal 

6 In Padianna Tehsil aiea, the goitre distribution follows almost exactly 
that of Bhat sod which is a powdery whitish friable alluvium about three feet deep, 
carried down from the Himalayas by the Gandak river sy stem Bhat soil contains 
the enormous proportion of 32 per cent of calcium, which is some hundredfold 
above the normal percentage of calcium in sod The drmking-W'ater from the 
shallow wells of this soil naturally contain a high calcium content (24 per 200,000) 
Bhat sod is damp with a high subsoil water-level Into this Bhat sod of the 
Padrauna Tehsil a tongue of Bangar sod cuts Bangar sod contams only 2 per 
cent of calcium and the goitre rate on it is approximately only 6 per cent as 
compared with a 60 per cent rate on Bhat sod Villages drawing their drinking- 
water from the rapidly flowing great Gandak river escape goitie 

7 The chmactensUcs of a heavily charged hme natei as recognized by some 
villagers and as connected by them with goitre are its (1) hardness, (2) ‘heavy’ 
consistency, (3) ‘ prickmg ’ (astrmgent) taste, (4) peculiar ‘ smell (5) remaining 
‘ warm ’ m all seasons whilst good (goitre-free) water keeps cool, (6) white deposit 
on boilmg, (7) becommg ‘ milky ’ in the hot weather, (8) turnmg a brass lota 
reddish, (9) producing goitre in those who drink it, and (10) if changed for ‘good 
drinkmg-water goitres disappear 

8 Oeiiain charactenshes of differ ent water supplies are also associated with 
goitre-producmg or non-goitrous properties in the endemic areas of the United 
Provmces concernmg which the original paper may be consulted 
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Tlic above abstract serves as an introduction to a few remarks on the possible 
cause of endemic goitre in the United Provinces wliicli may be considered under the 
following heads — 

(1) An excessive intake of calcium in dnnking-w'ater 

(2) A deficiency of iodine intake 

(3) A bactcriologically impure drinking-water 

The cause oi endemic goitre in U P 

(1) An excessive mlahc of calcium m di inLing-waler 
As has been set out m the original paper, a considerable mass of evidence is 
available from generations of villagers in the endemic areas of the United Provinces, 
from local land-holders and educated residents, from authors of the official gazetteers 
and from the several census reports which incriminate a drinking-water heavily 
charged with calcium as the cause of goitre in the U P endemic areas Moreover 
and especially the further evidence collected and checked by the medical personnel 
of this inquiry w'orking in the actual endemic areas has been to support and extend 
this belief 

Some examples of natural experiments in the endemic areas (e g , ‘ goitrous ’ 
householders drinking water from a ‘ goitrous ’ well — and of adjoining ‘ non-goitrous ’ 
householders drinking water from a ‘ non-goitrous ’ well ) seem so forceful and are 
so constantly repeated in different areas that it is difficult not to connect an excess 
of calcium intake with the cause of endemic goitre m the U P The same view 
IS supported by such further evidence as (1) the remarkable localization 
of goitre m Padrauna to persons drinking shallow well water drained from Bhat 
soil which contains 32 per cent of calcium, (2) the goitre-producing Himalayan 
milky mountain springs and foot-hill mountain streams which m the dry hot weather 
by evaporation deposit calcium on, and when the growth of vegetation is profuse 
dissolve calcium from, the soft limestone over which they course, and (3) the 
hmitation of the goitre-producing properties of the Himalayan rivers to a short 
distance only of their course in the plains after leavmg the mountains, that is, until 
the calcium carried down has been largely deposited with the foot-hill alluvium 
This whole natural history of the localization of goitre in endemic areas of the 
U P tends to support the calcium theory of the cause of goitre I have had 
further personal experience of a similar cause when observing endemic goitre m 
Kashmir and in Burmah 


(2) Defciency of iodine intale 

True it may be that the most successful medicinal means for preventing and for 
reducing endemic goitre is lodme internally, and the iodide of mercury externally 
True It may be that the normal thyroid contains a large percentage of iodine. 
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In N\cigh( nnd liiat m tlu' fiu])tli\roiflism niul cretinism of endemic areas actne 
IlnioMii IS deficient Tine it is (hat diet of the poor Mflagcrs of endemic areasis 
a star\ at ion diet of untold deficiencies liesides iodine dcficienc} But is lodme 
deficieiic) thciefoie tlie piimaic cause of endemic goitre^ Hoiv can tk 
frcqucntl) icpeated obscnation of two adjacent Milages, one goitrous and one 
goitrc-fiee, inluibited be erjiiall) po\ eity-st neb en ill-noiirished villagers consiunuig 
tlic same ill-assoitcd lodine-dcficient star\ation diet, be explained when the only 
detectable diffcicnce between them is a ‘ goitrous ’ and ‘ non-goitrous ’ water 
®^PPb’ ^ The water fiom both types of these wells wcic chemically examined 
by the U P Public Health Dcpaitmcnt with the uniform report of ‘ lodme, 
ml ’ All villagcis of these U P distiicts cat ciudc salt, imported from 

Bengal and made by evaporating sea watei This is their one purchase 
Rock-salt IS dearei and thcrcfoic is not utilized Iodine will certainly render the 
colloid of endemic goitic softei and cause its absoiption So will iodine remove 
giimmata but syphilis is not teimed a disease of iodine deficiency True the 
simile IS not quite analogous It mav be possible that an excess of calcium m 
the body fixes m some imkiiowm way'^ the available iodine and thus renders the body 
relatively iodine deficient, but even should this be true m the U P still the 
prmiary cause of such a relative deficiency of iodine would m the mam appear 
to be an excess of calcium, and in the endemic areas of the U P this excess of • 
calcium reaches the body cells through the drinking- wm ter 

(3) Intestinal infection fwm 2>ollnied dnnling-waie) 

A large amount of literature and of experimental laboratory work is available 
to support this theory Certainly m the vast majority of U P endemic areas where 
drinkmg-water is obtained from shallow wells such wells are grossly polluted The 
saturated permeable soil betw'^een rivers, the high subsoil water, the proximity of 
dwelbng shelters, the primitive habits of the population, the absence for the most 
part of any successful attempt to keep the well cement or even brick stained, or 
properly covered or protected from surface water, the appearance of the wmter 
rtself, the large amormt of potassium permanganate required to pink such wells m 
times of cholera, the not infrequent epidemics of this disease, the high worm infection 
rate and much further evidence might be quoted to support the reality of gross 
pollution But how is one to explain the relative low goitre rate m a village on 
‘ Bangar ’ soil with a highly polluted shallow well, as compared with the very heavy' 
rate in a village on Bhat (calcium soil) where the shallow wells are at least equally 
polluted How is one to explain a heavy goitre rate in hill villages drinking a 
cofiipaiatively bacteriologically pure mountain spring water but milky w'lth calcium 
Why are not the vast number of Indian villages remote from the Himalayas drinking 
water from most grossly polluted shallow wells not afiected with goitre ^ B ^ ® 
pollution may conceivably be a nunor contributory' setiological factor but it wou 
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nppcar m our experience lo fall far slioit of being tlie primaiy factor concerned in 
tlie production of endemic goitre 


The Tchtionfliii) of calciim and of iodine melaholism to the thyroid 

apparatus 

Tins relationship is not yet clearly understood Calcium metabolism is 
controlled by the parathyroid whilst the thyroid is the only source of iodine m the 
body Normally th) roid colloid is of such consistency as to pass readily mto the 
general circulation when required Should the colloid be too rigid it will not pass 
readily into the circulation but accumulate Lime salts are known to render cell 
membranes stronger, firmer and less pcimcablc and to render colloid sticky and more 
coneentrated The goitre of the U P endemic areas is a colloid goitre, resulting 
from colloid concentration It is understandable therefore that with an excessive 
calcium intake from the limestone drinking-waters of the U P endemic goitre 
areas, thjnroid colloid is made more rigid m consistence, and thus collects in large 
amounts with the production of a classical colloid goitre whilst later perifollicular 
fibrosis seals up the colloid w ithin the follicles But whether this result is prunardy 
produced by the action of calcium on the parathyroid or upon the thyroid gland 
itself or by an ill-understood neutralization of available body iodine it is difficult 
to hazard an opinion The subcutaneous tissues also thicken and become more 
rigid with the jelly-like deposit typical of myxeedema The colloid goitre is poor 
in iodine Oral iodine liquefies the colloid and hence by absorption reduces the 
size of the goitre and diminishes the myxomatous subcutaneous tissues Pei contra, 
the vesicles of a thyrotoxic goitre either contain some watery colloid or are empty, 
and such goitres are rich in iodine It is curious that oral iodine appears to cause 
some colloid retention m such toxic goitres But it would appear true on the 
while that the viscosity and therefore the amount of j colloid retained varies 
with the calcium and iodine intake 


Further researeh desirable 

So far as the evidence at present available goes, the most likely cause of the 
endemic goitre of the U P is calcium Nevertheless it is desirable that further 
research be undertaken to retest the various theories put forward There has been 
of recent years a mass of experimental evidence produced by laboratory workers 
It seems that the time has come when further advance would be best gained by 
testing the practical application of these experiments m the endemic areas of goitre, 
and to study nature’s experiments with man where these are so plentiful A 
laboratory situated m the centre of an endemic area should produce valuable 
results 
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1 The nio^{ prolialdi' of I In* ojulemK (olloid goitre of the U P would 
n])])('m to bo an (‘\t(".‘.i\o mt.iKo of (.tltnini In uiulonng tlic tliyroid colloid stifier 
and the tlnioid mciubrunos !o‘'S jiorinc.iblo Oral iodine renders such rigid colloid 
moic \\aterv and its absorjUion oasioi 

2 The e\{cssnc calciiiin intake is through drinking-uatcr In certain 
foothill areas calcium lenehes tlie drinking-witcr maml} during percolation to 
sliallou nells tliiough nlluMal sods lieaMh nnpiegnated with calcium which has 
been biought down fiom soft limestone rocks b) mountain rners and streams 
Conditions favouring the deposit of such calcium m sod will favour the formation 
of an area of goitic cndcmicitj In the lulls, calcium reaches the drinking-water bv 
solution and suspension fiom the soft lime rocks over which the spring or stream 
water flows 

3 Calcium is dissolved as calcium carbonate m the water mainly by carbon 
dioxide set free diuing the growth or dcca} of vegetable matter llTien such a 
water becomes conccntiated as m tlie hot weather calcium may separate out as a 
milky suspension "Wlien such a water is boded, carbon dioxide is driven ofi and 
lime IS deposited as a w'hite chalky pow'dei 

4 There is no evidence that has so far become apparent of iodine deficiency 
nor of intestinal infection from polluted wmter supplies being the primary cause 
of goitre m the endemic areas of the United Provinces The diets of almost all 
villagers in the endemic area are undoubtedly markedly defioient and the waters of 
almost all wells are undoubtedly markedly polluted but no such clear relationship 
exists between such deficient diets and such polluted wells and the endemic and non 
endemic villages as does exist between calcium water suppbes and goitre villages 

5 It may be, however, that an endemic goitre is due to an upset m the balance 
between the calcium and the iodine intake In some regions of the world possibly 
an lodme deficiency may suffice to produce an endemic goitre In other regions a 
large calcium consumption may be the direct cause In still other regions a defi- 
ciency m food iodine may be of itself an insufficient cause unless there exists m 
addition an excessive calcium intake 

Summary op the prevention and treatment of endemic goitre 

A few rules for the prevention and treatment of endemic goitre may be sum- 
marued under the following heads — 

(^) Residence — Avoid residence in an endemic area of goitre Such advice, 
however, is hardly practicable for the population of these areas 
(^^) Dnnhng-ivaier —Avoid a goitrous drinking-water supply Drinking- 
water should be taken from non-goitre wells, from the centre o a 
swiftly flowmg iiver, from ram water when available or theoretica y 
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from distilled water if available If, however, only a hard ‘ goitrous ’ 
water is available, such maj be ‘softened’ or more easily rendered 
coinparativcly calcium ficc by boiling 

{in) Pretention bi/ iodine — Sodium or potassium iodide m gram doses 
maj be taken dail} foi 10 days in the spring and autumn In 
Switrerland, 0 25 gramme of potassium iodide has been added to each 
kilogram of salt In Austria, one milligram of iodine per kilogram 
IS mixed bj the State in all salt In Gonda, an experiment in the 
prevention and cure of goitre is at present m progress One minim 
of the iodine tincture per j’car of age is given to every child tw'ice 
weeklj as a routine in certain selected schools It is hoped to publish 
the results subsequent!} 

{tv) Early treatment with iodine — For the treatment of the early stages of 
colloid goitre and to prevent their further development, three minims 
daily of the tincture of iodine or five grains daily of the iodide of 
potassium may be prescribed for twm or three weeks followed by one 
wreck’s rest, and repeated for tw'o or three months In addition, 
iodine may be painted externally on the gland, or the red iodide of 
mercury ointment with an equal amount of lanoline or some cheaper 
basis rubbed m every other night There is no danger m giving 
even large doses of iodine to persons with endemic goitre provided 
they do not start to loose weight or develop a rapid pulse in whicih 
case an estimation of the basal metabolism, if desired, provides a 
decisive test Children stand iodine very well 

(«) Treatment of hypothyroidism — The iodine routine cannot be successful 
in the old large and in hard fibroid goitres for which, especially if any 
signs of subthyroidism exist, thyroid extract gram one daily should 
be prescribed m addition to a course of iodine The weekly weight 
and pulse rate should be carefully watched In myxeedema with 
mental deficiency thyroxin must be continued for one to three years 
and with it mental and physical treatment must also be combined 

(ot) Surgical treatment — Surgery is indicated when pressure symptoms 
supervene, or when a rapidly enlarging hard nodule appears in an 
old goitre during the presenile involution pericd which points to the 
probabihty of malignancy 

{vii) Fmally, the essence of the prevention of endemic goitie is the public 
health measure of the provision of a pure non-goitrous drmkmg-water 
supply for the whole population 
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Jnf/nopomcf) Hi IHcas^oemeuls in Bombay 


I I! rSTIl VTIflN*. — 


1 |}I 1 A (rrnpli of ( otn|)nri'.on of lirnd stuilv of inalf« and fcinnlcs 

. " \ ^rnj)li of ( oinp irtvon of Iniiik hI«( 1 \ of and fcninlos 

. 5 A ^rajdi of (oiu]tinMin of n]*p( ndtctilnr ‘tltnU of iiinics and females 


Paje 

201 

2’S 

U 


Introduction 


E uiopo and AnioiKa much work is licin;^ done in anthropometr}' Refo 
oncos lo that subject arc found in ^arlous standard textbooks of Anatom) and 
Surgci) at piesent used m India The standard measurements of different body 
parts mentioned m those liooks aic liased on tlie material obtained from Europe 
and Amciica alone It is ob\ ions that the physical standards of people m India are 
different fiom those standauls, and theiefore those mentioned m the above bools 
cannot bo utilised licie for piactical purposes An effort therefore is being 
made to establish those bodil)’^ standards for the people permanently stapng 
m India 

India IS a land of communities A standard of one communit}’^ may not apply 
to another community, as these communities are isolated from each other and not 
alloived to have blood-exchange The modes of life and habits vary m different 
communities , likewise people living m Noithein India cannot be compared nitb 
those of the South It is intended, therefore, to study those anatomical variations 
in different people and to express the differences scientifically It is hoped to study 
both sexes of each community side by side 

Such a study will not only help in establishing the standards, but also udl 
guide in determining whether the people are deteriorating or progressing 

The study from its nature is stupendous in a vast country like India To begin, 
therefore, we started with the observations on the material from amongst tie 
students of our institution The figures worked out from the present study rviH 
give averages for a cosmopolitan group of youths of an average age of 22 io 
23 years m Bombay drawn mostly from the middle classes 

In the present case, the instruments were ordered from ? Hermann, Z\n\ch, 
Sw'itzerland , and the anthropometric work was begrm in 1929 As anthropometi) 
does not form a part of the curriculum for University Examinations, the work was 


conducted for its own merits 

Up to June 1931, 200 individuals (100 male and 100 female) were measured 
The material is mostly from amongst the students of Seth Gordhandas Sunderdas 
Medical College and the nursing staff of King Edward VII Memorial Hospital of 
Bombay Thanks are due to these ladies and gentlemen, who so kindly co-operatec 
to make the present task possible by sparing at least one hour for this study 
must express my gratitude to Professor B P Koppikar for showing persona 
interest by giving valuable suggestions from time to time To both Ur Jura] 
N Mehta, the Dean of the College, and Professor V E Khanolkar, the acting > 
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I am indebted for encouragement and acti\c help from time to time to carry on 
the present work Wc must acknowledge with tlianks that it w'as owing to 
Mrs Mararth}, the Matron and Miss Burrows, the Assistant Matron of K E M 
Hospital, tint we could so easil\ succeed in getting measurements of ladies for 
inclusion in this present stud} Wc also sincerely thank the lady students of our 
College, Miss Gokhalc, hliss Bliide, Miss Nunes, ]\Iiss iMarathe, Miss Hakim and 
Miss Pathare, who so enthusnstically helped, even to their great personal incon- 
venience, in taking measurements of ladies The magnitude of the task of 
collecting the data and completing and arranging them, so as to make them ready 
for comparison with such similar material from elsewhere, was not fully realized 
until after the completion of measurements of the first 100 individuals At the 
time when the help was most needed the first author w'as indebted to the 
Indian Eescarch Fund Association for proaiding him a sufficient grant for an 
assistant and sundr} expenses 


Material and Methods 

The male individuals measured in the present study were taken from the 1st 
M B , B S classes of this College The female individuals represent practically the 
entire nursing staff of the K E hi Hospital, Bombay The geographical regions 
from which these subjects came are shown as follows — 


Table I 


Native place 

Female 

Male 

Native place 

Female 

Male 

Kathiawar 


10 

South India 

1 


Gujrath 


1 12 

Madras 

1 

1 

Deccan 

64 

38 

Bengal 

1 

3 

Goa 


11 

Assam 

1 


Karwar 



U P 

4 

5 

Kanara 



Punjab 


1 

Kamatak 



Rajputana 


3 

Mysore 



C P 

7 

9 

Coimbatore 



Rangoon 

1 


Talichery 



Unrecorded 

5 

1 

Travancore 





i 

Mangalore 







10 j 



100 

100 


In the case of male subjects the mean age of the group was 22 91 years with a 
range from 18 to 31 years The stock of the subjects according to the caste was 
predominantly Hindu (Indians), that of Christian (Indian) rank stood second 

In the case of female subjects the mean age of the group was 23 69 
years with a range from 18 to 43 years 
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I'lio sfodv of flu* '^ul)J('(|s ntcorflinp lo flic caste \\as prcdonimantlj Hudo 
(Jnduuis), that of Aiiirlo-Jnclian rank stood second and of Christian (Indians) raii 
stood thud The actual distrihutions arc tahulatcd bclo\\ — 


Taiili. II 



1 1 oinalc 

MnJo 

Xntjojinhty 

Pcmalc 

Male 

Dcsliastlm Prnhtiiio 

1 

t 

O 

](> 

Nnidii 


1 

Konknnnsth „ 

8 

7 

Knjput 


1 

Saroswnt „ 

0 

0 

Bengali 


3 

Gtijrathj „ 


6 

Lolmnn 


1 

Hindi „ 


5 

Gupta 


1 

Knnauj „ 

1 


Nntno CJinstiau 

27 

U 

U P Kslifttn^ a 

1 


Mobninnicdnii BJiora 


1 

Mnratlm 

3 

10 

„ Sunni 


2 

Daivadnya 

1 

1 

Parsecs 

7 


C K Prabhu 

3 

2 

Jons 

4 

2 

Patliare Prabhu 


1 

Anglo Indians 

29 


Khatri 


1 

English 

1 


Khassi 

1 


Portuguese 

1 


Bania 


9 

European Jew 

1 


Jam 


6 




Telgu 

Brahmo Ksliatnya 

1 

1 


100 

100 


The measurements were made with the clothes off, wherever necessary, m the 
case of male subjects , while in the case of female subjects they were made over 
everyday clothing, the shoes alone being removed The subject upon arrival was 
told the purpose of the study and asked to remove the shoes and stand m a military 
attitude The procedure was the same for each one of the two hundred individuals 
and followed a form booklet of 17 pages The first page of this furnished space for 
the name, native place, birth date, nationality and general description of the siJBi 
hair and ms of the subject The rest oi the pages held the principal physical 
measurements listed in Table Ill(a) Drawings of the right hand and foot were 
placed on separate sheets of paper with the respective seiial number of the subjects 
under measurement. 
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Tahle III(«) 

31casii}cmcufs and ob'scrvaltons 




Page 



Pago 

Caste 


158 

2^^ 

Frontal height, ply siognomic 

188 

Native place 

167 

23 

Height of mucous lips 

189 

Ago 


169 

24 

Height of entire upper hp 

189 

Skin, 

colour of 

268 

25 

Height of enturo lou or lip 

190 

Hair, colour of 

269 

20 

Height of chin 

190 

Eyes, colour of 

258 

27 

Phj siognomic car length 

191 

1 

Maximum head length 

170 

28 

Physiognomic car breadth 

191 

2 

Glabella inion length 

171 

29 

Morphological ear length 

192 

3 

Maximum head breadth 

171 

30 

Morphological car breadth 

193 

4 

Least frontal breadth 

172 

31 

Horizontal circumference of bead 

194 

5 

Bnygomatie breadth 

173 

32 

Sagittal are 

194 

6 

Bigonial breadth 

176 

33 

Transverse arc 

195 

7 

Biauricular breadth 

176 

34 

Height, Vertex (total stature) 

202 

S 

Bimastoid breadth 

176 

35 

Height, Tragus 

206 

9 

Biocular breadth 

177 

36 

Height, Gnathion 

207 

10 

Interocular breadth 

177 

37 

Height, Suprasternal 

208 

11 

Nasal breadth 

178 

*38 

Height, Thehon 

208 

12 

Oral breadth 

179 

*39 

Height, Mesostemal 

209 

13 

Auncular height 

179 

*40 

Height, Omphalion 

209 

14 

Height Vertex to sub nasal 

182 

*41 

Height, Symphysion 

210 

15 

Phj siognomic facial length 

183 

42 

Height, Hio cnstal 

210 

16 

Morphological facial length 

184 

43 

Height, Ilio spinal 

211 

17 

Physiognomic snpenor facial 
len^h 

185 

44 

Height, Vertebral 

211 

18 

Morphological superior facial 

186 

46 

Height, Lumbale 

212 


length 


46 

Height, Acromian 

212 

19 

Nasal length in ground plan 

186 

47 

Height, Radial 

230 

20 

Nasal length profile 

187 

48 

Height, Stylion 

232 

21 

Nasal height from face 

188 

49 

Height, Dactylion 

235 



1 (U) 


t) H' Mf (isfirrmmls oi liomhay 

'Pa m.i 1 1 1 (//j ^cft)irM 







Page 

7)0 

llni,ht 1 riw Innti ruin 

-‘|o 

71 

JJ/iondiJar Gmnictcr at taco 

2d 

00 

Jf((i,ht I’lhmh 

-'ll 

7J 

Bitnnlliolar (lianietcrnt nnhle 

2a3 


linglit S phi non 


71 

Cirlli of neck across larynx 

224 

r.T 

.''illuig h( mht, N ( rli"c 

2\ t 

*7, 

Girth of thorax plane I 

2(b 


Sillinc hiii’hl. 'Iragvts 

dH 

*77 

Girth of thorax plane II 

204 

'i'l 

bitting height, Snprastenml 

217 

•70 

Girth at waist least 

200 

.70 

.Sitting iiLight, ttrlihrnl 

2,7 

77 

Girth of upper arm, niasi 

231 





mum 


i77 

bitting lieiglil, Ilio cnstal 

aic 

1 78 

1 

Girth across contracted biceps 

233 

.78 

Ann >.tretcli 

2i» 

I 

79 

Girth of forcnrni, greatest 

233 

70 

Bmtrominl dmnictor 

dio 

80 

Girth of nnst, least 

337 

GO 

BrcncUii of siiouldcn 

2l0 

♦81 

Girth of thigh, maximura 

242 

*Gl 

Biinnmmiilnry diamofcr 

220 

82 

Girth of thigh, middle 

213 

G2 

Iho cristal diameter 

217 

83 

Girth of thigh, least 

244 

G3 

Ilio spinal diameter 

221 

84 

Girth of calf 

246 

I'elgu hnntcrjc diameter 

218 



348 




85 

Girth of ankle, least 

Brahmo Kshat ... r 

•>1 diameter ot 

222 
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The measuremeni 252 

‘ of male subjects , -w. 

"lay clothing, the shoeis 233 

nurpose of the study am. 

The procedure was the t 
T form booklet of 17 pages 
place, birth date, nationa 
- subject The rest oi of palm 

111 Table III(u) Dra'V )2 Counter tracing of foot 
"s of paper with the r. 


80 Length of hand 
87 Breadth of hand 
8S Length of foot 
89 Breadth of foot 
DO Weight of body 


339 

349 

350 
203 


included m the present paper 
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Lrsl of indices computed f win above data 



Pago 

1 

Mn\imum licnd breadth 

Jlnvimum bend length 

172 

2 

Annoulnr height 

Ma-nmum head length 

180 

3 

Glabella inion length 

195 


hagittal arc j 

4 

Biauneular breadth 

Transverse are 

196 

6 

Least frontal breadth 

Jlavimum head breadth 

173 

G 

llorphologieal facial length 

Bizygomatic breadth 

GO 

7 

Morphological superior facial length 

Bizygomatic breadth 

186 

8 

Least frontal breadth 

Bizygomatic breadth 

j 

174 

9 

Bigonial breadth 

Bizygomatic breadth 

176 

10 

Nasal breadth 

Nasal length in ground plan 

187 

11 

Bizygomatic breadth 

Maximum head breadth 

174 

12 

Aunoular height 

180 

Mean of maximum head length j)lus breadth 

13 

Aunoular height 

Maximum head breadth 

181 

14 

Maximum head length plus 

Maximum head breadth plus auricular height 

3 

181 

15 

Bizygomatic breadth 

Physiognomic facial length 

183 

16 

Physiognomic ear breadth 

Physiognomic ear length 

192 

17 

Morphological ear breadth 

Morphological ear length 

193 



U 



\)ilh)tipi>n}(!) u M(/nnmnnits in Bonibny 

Tmuj fn(A) — (ovtd 


]r>2 


IS 

10 

20 

21 

22 

21 

24 

2o 

20 

27 

28 

20 

30 

31 

32 

33 

34 

36 


Moth nf l)iocii| nr bn ^dlh ntid iiiti'nx tilnr bn nfltli 
MnMinnin hi ml brtndTll ' ~ 

Arm ■<lr otcb 
lotnl stnturo 

\crommn mnittT ‘;t\ lion 
2otnl hlnfuro 

Upper arm 

Total arm with hand 

Lower arm 

Total arm with hand 

Ijowcr arm 
Upper arm 

Hand breadth 
Hand length 

Foot breadth 
loot length 

Sitting height 
Total stature 

Thora"^ piano II, dorso ven tral diameter 
Thorax plane II, tranrorse diameter 

Tlio cnstal diameter 
Breadth of shoulders 

Hand length 
Forearm 
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30 

Girth of upper nrm 

Lcugth oi upper nrm 

Pago 

231 

37 

Girth of forearm 

Length of forearm 

234 

38 

Girth of forearm 

Girth of upper arm 

234 

39 

Girth of rmst 

Gurth of upper nrm 

237 

40 

Girth of ivnst 

Girth of forearm 

238 

*41 

Girth of thigh, greatest 

Length of thigh 

242 

42 

Girth of calf 

Length of lower leg 

247 

*43 

Girth of calf 

Maximum girth of thigh 

247 

44 

Gurth of ankle 

Girth of ealf 

248 

*45 

Bimammillary diameter 

Biaoromial diameter 

220 

46 

Bio spinal diameter 

Iho cnstal diameter 

i 221 

47 

Iho cnstal diameter 

Biaoromial diameter 

217 

48 

Bitroohantenc diameter 

Biacromial diameter 

218 

49 

Leg length 

Trunk length 

214 

*60 

Total stature minus (maximum girth of thorax in centimetres plus weight in 
kilograms) 

205 

61 

Weight in grammes 
stature in centimetres 

203 

52 

•\/Weight m grammes 

Total height in centimetres 

204 
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Anthojmneiiic Mcasincincnts in Bombay 

In tnlcmp; tlic girtlis of llic tlngh of the females the a\ithors were assisted by 
the lad}' students of this College In the case of female subjects, measurements 
and indices marked with an asteiisk (■*) had to bo omitted 

In the calculation of means, standaid deMntions. coefficients of variations and 
indices and other computations, use was made of a slide-rule and logantlmuc 
tables An ample use was made foi reference of Pearl’s ‘Medical Biometi} 
and Statistics ’ 

A description of the instniments used and of the methods applied in taking tbe 
measurements is given below — 


Instruments. 

(1) Anthiopomctcr — A rod of 200 cm m length detachable in 4 parts 
and having a fixed horizontal rod at the top and another adjustable, sliding 
horizontal bar Any lengths and breadtlis of tnink can be measured by tbis 
instrument 

(2) A slide compass for measuring smaller dimensions of face, eye, hand and 

foot 

(3) A calipers — To measure head dimensions 

(4) A pelvimeter for pelvic and thorax antero-posterior diameters 

(6) Osteometric board for measuring the length of the foot 

(6) A balance registering weights m kilogrammes 

Method of taking Measurements and Observations. 

(1) Maximum cranial length, a distance between glabella and opisthocranion 
taken by calipers, by keeping one tip of calipers on glabella and the other allowed 
to travel over the median bne of the head, the widest distance bemg registered 
(Table V) 

(2) Glabella-mion length (Table VI) 

(3) Maximum head breadth, taken in a horizontal plane allowing the two tips 
of the calipers diverge over the sides of the head Widest divergence recorded 
(Table VII) 

(4) Least frontal breadth, distance between points on frontotemporal lines 
where they are nearest to each other (Table IX) 

(5) Bizygomatic breadth, the distance between the farthest points on zygomatic 
arches of both the sides (Table XI) 

(6) Bigonial breadth, the distance between the two angles of the mandibe 
(Table XIV) 

(7) Biauricular breadth, the distance between the notches jUst above 

tragus of the ears of both sides (Table XVI) , 

(8) Bimastoid breadth, the distance between the farthest points on mas oi 

processes of both sides (Table XVII) 
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(9) Biocular breadth, tlic distance between the external canthi of both the 
eyes (Table XVIII) 

(10) Interocnlar breadth, the distance between the internal canthi of both the 
eyes (Table XIX) 

(11) Nasal breadth, the distance between the farthest points on the ala of the 
nose (Table XXI) 

(12) Oral breadth, the distance between the corners of the mouth, m a quiet 
condition (Table XXII) 

(13) Auricular height, tahen by tahing tw'o measurements, one, the height of 
the vertex from ground (projection), tw'o, the height of the notch above tragus of 
the ear from ground (projection), and subtracting 2 from 1 The notch above 
tragus corresponds to the base of the skull (Table XXIII) 

(14) Height, vertex to the sub-nasal , this height is similarly taken as 13 
Height from ground to the point of the angle between the septum of the nose and 
the surface of the upper lip, is subtracted from the height of the vertex (Table 
XX’VHII) 

(15) Physiognomic facial length, the distance from the median point m the 
hne of the hair, to the gnathion, the median point on the chin (Table XXIV) 

(16) Morphological facial length, the distance between the nasion and 
gnathion (Table XXXI) 

(17) Physiognomic superior facial length, the distance between the nasion 
and the median point of the oral sbt (Table XXXIII) 

(18) Morphological superior facial length, the distance between the nasion 
and the median point on the upper alveolar border (Table XXXIV) 

(19) Nasal length in ground plan, the distance from nasion to the lowest pomt 
on the pyriform aperture of the nose (Table XXXVI) 

(20) Nasal length along profile, the distance from nasion to the pomt of the 
nose (Table XXXVIII) 

(21) Nasal height, projection from face, the distance from the pomt sub-nasal 
to the pomt of the nose (Table XXXIX) 

(22) Frontal height, physiognomic, the distance from nasion to the median 
pomt on the hne of the hair (Table XL) 

(23) Height of mucous bps, the distance from the median pomt on the lower 
border of the mucous surface of the lower lip to the median pomt of a line drawn 
across the boundary of the mucous surface of the upper bp, tangent to the curves 
(Table XLI) 

(24) Height of the entire upper bp, the distance from the sub-nasal to the 
median point of the oral sbt (Table XLII) 

(25) Height of the entire lower bp, the distance from the median point 
of the oral sbt to the depression below the lower bp m the median hne 
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(26) Height of the chin, the distnntc of the nicclinn point of the oral shttotk 
gnnthion (Table XLIV) 

(27) riij siognoniic cm length, the (lislnnco bct^^cen the highest point on tk 
lielix and the lowest point on the lobule (Table XJjV) 

(28) Ph) siognomit ear breadth, the distance between two lines paralleltotk 
long axis of the car, one of these lines being tangent to the anterior, the other to 
the posteiioi bordei of the helix (Table XLVI) 

(29) Jlorphological eai length, the distance between the notch above tk 
tragus and Darwin’s tubercle on the edge of the helix (Table XLVIII) 

(30) Uloiphological cm breadth, the distance between the point rvhere the ear 
attaches to the head above and the point wheie the cm attaches to the side of the 
head, below (Table XLIX) 

(31) Horizontal circumference of the head, measured by putting one end of the 
tape over glabella and carrying it along the side of the head horizontally o\ertk 
farthest point on the back of the head from glabella, and bringing it back to the 
glabella (Table LI) 

(32) Sagittal arc, measured by putting the tape from glabella over the top of 
the head to the inion (Table LII) 

(33) Transverse arc, measured by putting the tape from the notch above tk 
tragus of the ear on one side to that of the other side over vertex (Table LIV) 

(34) Height, Vertex, total stature projection from ground (Table LVI) 

(35) Height, Tragus, projection from ground to the notcli just above tragus 
(Table LXIV) 

(36) Height, Gnathion, projection from ground (Table LXV) 

(37) Height, Suprasternal, projection from ground to the suprasternal notch 
(Table LXVI) 

(38) Height, Thelion, from ground to the mid-point of the nipple (Table 
LXVII) 

(39) Height, Mesosternal, the distance from the ground to the median point: 
on the sternum, of the line which connects the sternocostal articulation of the two 
4th ribs (Table LXVIII) 

(40) Height, Omphahon, the distance from the ground to the umbilicus (Tabic 
LXIX) 

(41) Height, Symphysion, the distance from the ground to the middle pomf 
in the upper border of the pubic arch, at the symphysis (Table LXX) 

(42) Height, Ilio-cristal, the distance from the giomid to the most latera 
point on the iliac-crest (Table LXXI) 

(43) Height, Ilio-spmal, the distance from the ground to the anterior superior 
spine of the ilium (Table LXXII) 

(44) Height, Vertebral, taken from the ground to the spmoses process o c 
2nd cervical vertebra (Table LXXIII) 
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(45) Height, Lumbale, the distance from the ground to the 6th lumbar spine 
(Table LXXIV) 

(46) Height, Acromial, the distance from the ground to the most lateral point 
of the acromial process, felt through the skin (Table LXXV) 

(47) Height, Eadial, the distance from the giouncl to the plane of the top of 
the head of the radius (Table CII) 

(48) Height, St} bon, the distance from the ground to the distal margin of the 
styloid process of the radius (Table CVI) 

(49) Height, Dactyhon, the distance from the giound to the pomt of the middle 
finger of the hanging arm (Table CXI) 

(50) Height, Trochantenon, the distance from the ground to the highest pomt 
of the trochanter major as felt through the skin (Table CXXJI) 

(51) Height, Tibialc, the distance from the ground to the medial separation 
between femur and tibia, at the medial condylai margin of the latter (Table 
CXXIII) 

(52) Height, Spherion, height of the tip of the medial malleolus from the groimd 
(Table CXXIX) 

(53) Sitting height. Vertex, the person is made to sit straight on a flat stool, 
with his feet restmg on a low stool, so that his ischial tuberosities come m contact 
with the surface of the stool Height of the vertex from the level of the upper 
surface of the stool measured (Table LXXVI) 

(54) Sittmg height, Tiagus, taken m the same manner as above (Table L XXTiX ) 

(55) Sittmg height, Suprasternale (Table LXXX) 

(56) Sittmg height. Vertebral, taken in the above manner, from the plane of the 
stool to the Spinous process of 2nd cervical vertebra (Table LXXXI) 

(57) Sittmg height, Ilio-cristale (Table LXXXII) 

(68) Arm stretch taken by an anthropometer placed behmd agamst the 
shoulders of the person, who has to stietch his arms by pushing the two arms of the 
instrument by the tips of his middle fingers The maximum distance is the arm 
stretch (Table C) 

(59) Biacromial diameter, the distance between the external tips of the 
acromial ends of the spmes of both the scapulse (Table LXXXIII) 

(60) Breadth of shoulders between deltoids (Table LXXXVTII) 

(61) Bimammdlary diameter, the distance between two nipples (Table XC) 

(62) Iho-cnstal diameter, the distance between the most external points on 
the crests of the iba (Table LXXXIV) 

(63) Iho-spmal diameter, the distance between two anterior superior ihac 
spines (Table XCII) 

(64) Bitrochanteric diameter, the distance between the lateral surfaces of 
greater trochanters of femur, when a person stands in the mihtary fashion 
(Table LXXXVI) 



Anl]no]}0)nch ic liUdhincwcnh 'in Bomhciij 

{()5) Dorso-\cntnil (liiunolor of tlioinx plane I (at the ]c\c] of 

proces.)! a d.sUuuc hef.an the pond on the ^ 

process in a hori/ontal plane ^^hen a person h st anding and another on thet. 

the posterior median line in tlie simo plane (Table XCR ) 

(GG) Transverse diameter of thoiax plane J Two arms of ic an ir p 
resting on the sides of the chest on a liori/ontal plane at the levc P 

process (Table XCV) 

(07) Do■so-^cnlr,.I duunelor of tl.or.x plnnc 11 n. the same ^^ay as GS.lut. 

the level Mcsosternalc (Table XCVJ) hutmtlie 

(G8) Tiansverse diametci of thoia\ jdane II m the same wa} 

level of i\Icsostcrnnle (Table XCVII) 

(G9) Bicondjlar diametci at elbow, between the cpicond}les of t 

of the humerus (Table CXLIII) ^ . „i rtmnts on tk 

(70) Bistyloid djaractci ot «iist, bct^^ccn tlic most external pom 

loner ends of radius and ulna (Table CXLIV) enicoadlb 

(71) Bicondylar diameter at knee a distance ^botneen 

eminences at the loircr end ot feimu (Table CXLV) lateral po* 

(72) Bimalleolai diameter at ankle, a 7“” ^ 

on tbe lowei ends of tibia and fibula of one 

(73) Girth of neck by tape across larynx (Table XUA) , ,. 5 ;tti 

74 Girth of thorax plane I at the level of Xiphoid process (Table MU) 

TtS Girth of thorax’plane II at the level of M— e (Table LX) 

(76) Girth of waist (least girth of body) (Table LXIII) 

(77) Girth of upper arm (greatest when relaxed) (Table CIU) 

(78) Girth across contracted biceps (TeW® ) 

(79) Girth of forearm, gieatcst when reaxed (Table LVI ) 

(80) Girth of wrist, ^\^ l„teal fold (Table CXXV) 

(81) Girth of thigh, greatest in or 8 

(82) Girth of thigh, middle (Table CXXMI) „xsrvill) 

83 Girth of aiigh, least (just above knee) (Table OXXVIH) 

(84:) Guth of calf (Table CXXiXIH) 

Ifo’) 

(88) Length of the foot taken m an os touching the sides 

foot in contact with the recording^ the measurements from 

by applymg wooden piece to keel and recording 
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(^0) AVciglit of the body on a balance rccoiding kilograms In case of 
males ^\ltll scanty clothing In females with full clothing on (Table LVII) 

(91) Counter tracing of the hand In keeping the hand quite flat with the palm 
on the paper and tracing b) a pencil, ^\hosc one half ^\ooden cover is split up so 
that the lead comes m contact vith the outline of the hand 

(92) Counter tracing of the foot taken as nboa c 

All appendicular measurements arc taken on the right side 
These measurements uill be discussed m groups First the head measure- 
ments, then the trunk measurements and lastly the measurements of the 
appendages 

Abbreviations used in the Tables 

(Each table indicates the distribution of individuals in Class-groups) 

Z = Frequency of individuals 
P E = Probable error 
S D = Standard dc\ latiou 
C Y = Coefficient of variation 
mms = ]\Iillimetres 

X = Percentage of the male mean to the female mean 


Ages 

Table 


Ages 

Years 

Z 

remale 

z 

Male 

Ages 

Years 

Z 

Female 

Z 

Male 

Ages 

Years 

Z 

Female 

Z 

Male 

18—19 

3 

2 

27 

5 

3 

36 

0 


19 

10 

3 

28 

6 

0 

37 

0 


20 

10 

12 

29 

2 


38 

0 


21 

19 

21 

30 

2 


39 

0 


22 

11 

20 

31 

4 

1 

40 

0 


23 

6 

16 

32 

0 


41 

0 


24 

5 

11 

33 

0 


42 

0 


25 

4 

6 

34 

0 


43 

1 


2f) 

6 

6 

35 

1 













100 


Menn and P K 

Female 

Male 






23 7 

±0 27 

22 9 
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Study of Head. 

((/) Ta 1 U ,1 s f)i AM) INDICLS OI HLAP 

7’uhj V 

Mminnini head Icnyth 



Difference 


Mean and P B (mms ) 


1764 ± 043 187 9 ± 045 


-11 5 ± 0 62 


S D and P E (mms ) 


6 5 ■+- 0 30 6 C db 0 32 


0 1 ± 0 44 


C V and P E (pencent) 


37±018 35±017 + 02 J: 0 24 
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Tabll VI 


Head length (Glabclla-imon length) 



Mean ana P E (mms ) 172 0 ± 04G 183 0 ± 0 39 - 110 ± 0 60 

S D and P E (mms ) C8-t0 33 69±0 28 + 0Dh0 43 94 3 

C V and P E (percent) 39±0 19 32±0 16 + 08±0 25 




Class 

mras 

7 

Female 

7 

Male 

137 

10 

3 

139 

17 

8 

141 

13 

6 

143 

7 

10 

145 

7 

25 

147 

6 

13 

149 

6 

7 


Class 7 . 7 

mms Female Male 



Female 


Difference 


Mean and P E (mms ) 

S D and P E (mms ) 

C V and P E (per cent) 


140 5 ±0 40 
5 9 ± 0 28 
4 1 ± 0 2 


146 3 ± 0 39 _ 5 9 ^ 0 55 

57±0 27 ±01±0 39 

39±0 19 -i-02±0 27 
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a’ADLr VlIJ 

Cephalic 'iiulvjr = — ~ 


7 


Hmd utdlfi y 100 
Head lengih 


Mean and P E 
S D and P E 
C V and P E 


j Class 
jirr cenf 

Z 

Female 

to 5 

JO 

77 5 

n 

70 5 

11 

81 5 

14 

83 5 

10 


Female 


80 ±0 31 

4 7 ± 0 22 

5 7 ± 0 27 




Class 
per cent 

Z 

Female 

85 5 

5 

87 5 

6 

89 5 

1 

91 5 

2 


100 


Male I difference 


I 

77 9 ± 030 I + 21 ± 044 
45±0 21 +02±0 31 


5 7 ± 0 27 


0 0 4- 0 39 



Table IX 
Fiontal breadth 


j 

Class 

mms 

1 

z 

Female i 

1 

Z 

Male 

Class 

mms 

Z i 

Female 

Z 

Male 

1 

Class 

mms 

89—90 9 ; 


1 

99 

24 

i 

! 7 

109 

91 

1 i 

2 

101 

25 

15 

111 

93 

3 

2 

103 

16 

18 

113 

95 

8 

9 

105 

5 

i 16 


97 

11 

9 

107 

4 

1 





Mean and P E (mms ) 

S D and P E (mms } 

C V and P E (per'^'’^nfc) 


j 1004 ± 025 
i 3 6 ± 0 17 
! 3 6 ± 0 17 



102 5 ± 0 33 
50 ± 024 
4 8 4- 0 23 


Difference 


22 ± 0 42 ( 

1 3 ± 0 29 97 8 
12 ± 029 
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Table X 


Transhcrfc fron(o-])auc(aJ indcr 


Lca’it frontal breadth x 100 
Maxivmm head breadth 


Clncs 
per cent 

Z 

remnlc 

z 

Mnlc 

per cent 

7 

rcnmic 

Z 

Male 

Class 
per cent 

z 

Female 

1 

Z 

Hale 

o9 5— 014 


2 

07 5 

13 

12 

75 5 

0 

5 

01 5 


3 

09 5 

27 

21 

77 6 

1 

2 

03 5 1 

2 i 

9 

71 5 

20 

15 

79 6 


2 

05 5 

7 

15 



H 


100 






Difference 

X 

Mean and P E 

71 5 i 0 19 

70 2 3; 0 28 

+ 13 ± 035 


S D and P E 

28 ± 0 13 

42 ± 0 20 

- 1 4 ± 0 24 

101 8 

C V and P E 

3 9 ± 0 19 

6 0 ± 0 29 

- 2 1 ± 0 34 



Table XI 
Bizygomahc breadth 


Class 

mms 

Z 

Female 

Z 

Male 

Class 

mms 

Z 

Femole 

Z 

Male 

Class 

mms 

Z 

Female 

z 

Male 

112—113 9 

1 


124 

17 


0 


130 

0 

n 

114 

0 


120 

20 


11 


138 

1 

7 

lie 

2 


128 

8 


15 


140 


1 

118 

3 


130 

12 


13 


142 


1 

120 

17 

1 

132 

8 


15 


144 


1 

122 

0 

1 

134 

5 


21 










i 




100 

100 


Female j 

Male 

Difference 

X 

Mean and P E (mms ) 

120 0 i 

; 0 32 

131 7 ± 0 35 

— 5 7 ± 0 48 


s D and P E (mms ) 

4 8 ± 0 23 


5 2 ± 0 25 

- 0 5 ± 0 34 

95 0 

C V and P E (per cent) 

3 S ± 0 18 


40 ± 0 19 

- 0 2 ± 0 20 






1 

1 



1 

1 

1 
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T\uu XII 


fiontal imlij 


J r/tit jrnnM hrf/jdni > 100 
Jltzi/ffomtihr brcml'k 



y, 

] omalo 

y 


y 

y 

Class 

Z 

Z 

jicr cent 

! 

Main 1 

j 

jicr (put 

I Pmnip 

Mnlp 

per cent 

rcmalc 

Male 

O') ''>—07 4 

1 


7.1 

t 

10 

81 5 

21 

10 

07 <) 

i 


75 5 

J2 

21 

S3 5 

f 4 

2 

09 5 

1 

i 

G 


28 

22 

85 5 

2 

1 1 

715 

1 

1 

1 

B 

27 

19 


100 

100 


Mcnn nnd P E 
S D and P E 
C V and P E 


Female 

Male 

Difference 

X 

79 7 ± 0 25 

77 4 i 0 27 

+ 24 ± 036 


3 4 ± 0 It} 

41 ± 019 

- 0 7 ± 0 25 

103 

4 2 ± 0 2() 

52 ± 0 25 

- 1 0 ± 0 32 



Table XIII 


Tiansveise ciainofacml 


Btzygomatic breadth x 100 
Maximum head breadth 


Class ' 

Z 

Z 

Class 

WBM 

Z 

Class 

Z 

Z 

per cent 

Female j 

Male 

per cent 


Male 

per cent 

Female 

Male 

62 5—64 4 


1 

76 5 

1 

1 

0 

90 6 

1 

23 

18 

64 6 


2 

78 6 



92 6 

11 

11 

66 6 


' 4 

80 6 

2 

B: 

94 5 

5 

4 

68 6 


6 

82 5 

3 

0 

96 5 

0 

2 

70 5 


' 6 

84 6 

13 

9 

98 5 

2 


72 6 


4 

t 

86 5 

14 

11 


100 

100 

74 6 


2 

88 5 

27 

19 






1 . 

Female 

i 

Male 

Difference 

X 

Mean and P 

S D and P 

C V and P 

! 

E 

89 8 ± 0 22 

3 3 ± 0 16 

3 7 ± 0 18 

853 ± 019 
29 ± 014 

34 ± 016 

+ 44 J- 0 30 
+ 0 4 dr 0 21 
i ^ 03 ± 024 

! 104 6 
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Table XIV 


Bigonml btcadih 


Claris 

nuns 

Z 

1 cinalc 

Z 

Male 

Cln'is 

nuns 

Z 

I'cmale 

Z 

Male 

Class 

nuns 

Z 

Female 

Z 

Male 

70—71 9 

2 


SI 

11 

11 

98 


2 

72 

o 

1 

80 

11 

12 

100 


3 

74 

5 

0 

88 

7 

11 

102 


2 

76 

0 

2 

90 

4 

18 

104 


1 

78 


3 

92 

3 

0 

106 


1 

80 


6 

94 


0 




82 


H 

90 


8 j 


100 

100 



J'cmnlo 

Male 

Difference 

1 can and P E (mms ) 

1 

82 4 ± 0 32 

89 0 ± 0 44 

- 6 6 ± 0 54 

S D and P E (mms ) 

4 7 ± 0 23 

64 ± 031 

- 1 7 ± 0 38 

C V and P E (per cent) 

5 7 ± 0 27 

7 2 ± 0 36 

- 1 5 ± 044 


Table XV 

Zygomatico-mandihulai index = 


Bigonial breadth, X 100 
Bizygomatic breadth 


Class 
per cent 

Z 

Female 

Z 

Male 

Class 
per cent 

Z ^ 

Female 

z 

Male 

Class j 
per cent 

Z 

Female 

Z 

Male 

49 5—61 4 

1 


63 5 

i 

22 I 

12 

77 6 


0 

51 5 

1 


65 6 

30 

17 

79 5 


1 

63 6 

0 


67 5 

12 

16 

81 6 


1 

55 5 

1 

2 

69 5 

6 

14 

83 5 


1 

57 5 

4 

2 

71 6 

7 

9 




69 6 

4 

7 

73 6 

2 ' 

6 




616 

10 

9 

76 5 


6 


100 

100 


Mean and P E 
S D and P E 
C V and P E 


Female 


65 8 ± 0 28 
4 1 ± 0 20 
6 2 ± 0 30 


Male 


67 9 ± 0 36 
62 ± 025 
7 7 ± 0 37 


Difference 


2 1 ± 0 46 
07 ± 032 
1 0 ± 0 48 


91 8 
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'I’ahu X^’J 
Aumitlar biiadl/i 


Mean and P E (nims ) 

S D and P E (mms ) 

C V and P E (per cent) 


Female 


122 4 ±0 38 
50 ± 027 
4 5 ± 0 22 


Male 


128 4 ±0 32 
4 8 ± 0 23 
3 7 ± 0 IS 


Djflerencc 


6 0 ± 0 50 
0 7 ± 0 35 
OS ± 028 


( Irik'S 

mu)^ 

1 

I < iiial< 

y, 

. Ma!( 

( 

min*i 

7, 

1 « malt 

1 / 

1 Male 

mrnsT 

Z 

Female 

Z 

Jlalc 

100— 110 0 

*> 


121 

n 

12 

137 

1 

4 

111 



12". 1 

11 

If. j 

130 


2 

in 

5 

1 


I 10 

1 13 

111 


0 

115 

! 0 

1 I 


3 

oa 

143 


i 

117 

o 

0 

HHH 

4 

10 




110 

15 j 

0 



0 




121 

10 

! 


Di 

1 



100 

100 


953 


Table 


Btmastoid headili 


Class 

mms 

Z 

Female 

Z 

Male 

Class 

mms 

Z 

Female 

Z 

Male 

Class 

mms 

Z 

Female 

1 ^ 
Male 

109—110 9 ; 

V i 

2 


12.3 

I 10 

7 

137 

1 1 

3 

111 \ 

0 

i 

125 

' 11 

14 

139 

j 

I 

113 1 

' 6 


127 

1 9 1 

16 

141 


0 

115 \ 

5 

1 

129 

1 8 


143 


' 1 

117 \ 

9 

1 

131 

2 

13 




119 \ 

, 21 

6 

133 

1 1 

12 




121 1 

15 

4 

7 

135 

1 

1 

1 

S 


100 

100 


\ 

)li 

Femalfp 

f 

Male 


B 

Mean and P 

R D and P 

C V and P 

E\ (mms ) 

E (mms ) 

E (pV cent) 

121 9 0 36 

5 3 -± 0 25 

4 3 ±] 0 21 

128 6 ± 0 36 

53 ± 025 

41 ± 020 

- 6 6 ± 0 45 

0 0 ± 0 36 

± 02 ± 067 

94 6 
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Tabll XVIII 
Btocidar breadth 


Class 

nima 

Z 

rcmalc 

Z 

Male 

Class 
j mms 

Z 

1 cnialc 


78—79 9 


1 

88 

13 

9 

80 

1 

0 

90 

24 

21 

82 

1 

0 

92 

10 

22 

84 

11 

o 

94 

13 

17 

86 

11 

6 

90 

8 

13 



Mean and P E (mms ) 

S D and P B (mms ) 

C V and P E (per cent) 



100 


Differeneo 


90 4 ± 0 20 92 5 ± 0 25 — 2 1 i 0 36 

38 ± 0 18 38 ± 0 18 0 0 ± 0 26 97’) 

42± 0 20 4l±0 20 ±01±0 28 


Table XIX 


Interocular breadth 
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I’aull XX 


InlcrpxnuUo-oatnal vuhx = 

•* •* Jfaximiim head breadth 


C’lff-x Z 7 C'InMM / j 7 Cln-^s Z 

per tint Itrtuilc I^Inh per t<H( rtntnle Mnh per cent FcniJilo 




D;fIoroncc 


Mean and P E 
S D and P E 


430^ 017 422 ± 0}6 +08 ±023 

2S±0 12 23 ±0 11 +05 ±0 16 102 


C V and P B 


57 ± 027 


5 5 ± 0 2G + 0 2 ± 0 38 


Table XXI 


Nasal bteadth 



Mean and P E (mms ) 

S D and P E (mms ) 

C V and P E (per cent) . 


32 G ± 0 17 
2 6 ± 0 12 
7 8 ± 0 37 


35 6 ± 0 16 
24 ± Oil 
6 6 ± 0 32 


_ 3 0 ± 0 24 
+ 0 2 ± 0 17 
+ 1 2 ± 0 49 


915 
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Tabli. XXII 
0>al hreadlh 


179 


Class 

mms 

Z 

remnlc 

z 

Mnie 

Class 

nuns 

7 

1 cnmic 

z 

Mnlc 

Class 

nuns 

1 

z 

romale 

z 

Male 

29—30 0 


1 

30 


0 

49 

13 

25 

31 


0 

41 


2 

51 

7 

13 

33 


0 

43 


11 

53 

1 

8 

35 


0 

45 


13 

55 

2 

2 

37 

0 

0 

47 


24 

57 


1 





n 



100 

100 



Ecinale 

Mean and P E (nima ) 

45 7 ± 025 

S D and P E (mms ) 

3 7 ± 0 18 

C V and P E (per cent) 

8 1 ± 0 39 


Male 

Difference 

X 

48 3 -t 0 24 

- 20 ± 034 


35 ± 0 17 

+ 02 ± 020 

94 5 

7 2 ± 0 36 

+ 00 ± 0 62 



Table XXIII 
Auricular height 


Class 

mms 

Z 

Female 

Z 

Male 

Class 

mms 

Z 

Female 

Z 

Male 

Class 

rams 

Z 

Female 

Z 

Male 

101—102 9 

1 


119 

13 



137 


1 

103 

0 


121 

10 





3 

105 

1 


123 

14 



141 


0 

107 

0 


125 

14 

13 


143 


0 

109 

5 

1 

127 

0 


13 


146 


1 

111 

2 

0 

129 

7 


16 

'"l47 


0 

113 

2 

1 

131 

4 


6 


149 


1 

115 

9 

6 

133 

2 


8 





117 

8 

4 

135 

2 


5 



100 

100 


Female 

Male 

Difference 

X 

Mean and P E (mms ) 

125 7 ± 

0 42 

127 0 + 0 46 

- 1 3 ± 0 61 


S I) and P E (mms ) 

62 ± 

0 29 

6 7 -t 0 32 

- 05 ± 043 

98 8 

C V and P E (per cent) 

49 ± 

0 23 

52 ± 026 

- 0 4 ± 0 34 
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‘Inthiopomctnc Mca,sv)cmenh in Bombay 


Clnss 
j)er tout 


5r> o — 57 4 
57 5 
59 5 
01 5 
03 5 


Taull XXJV 

Loiglli (ninciilai luujht imho ~ 


Aurinilar height y 100 
AUtrnnuni /arid length 


7. 

] onmlo 


1 

3 

0 

10 


z 

Mnl. 

(llnM'i 
!« r < t nt 

7 

1 < tnale 

7 

Alulc 

CIn>(s 
per tent 

z 

1’ cmalc 

1 

(m 5 

It 

21 

mi 

mm 


07 5 

10 

20 


0 


00 5 

23 

IS 


1 

0 

715 

13 

0 



IS 

73 5 

0 

5 

Im 

100 



I'enialc 

Slalc 

Difference 

Moan and P E 

09 1 ± 0 25 

075 ± 02} 

+ 1 0 ± 0 35 

S D and P E 

3 7 ± 0 IS 

3 7 ± 0 IS 

00 ± 025 

C V and P E 

5 3 ± 0 20 

55 ± 020 

- 01 ± 036 


Z 

Male 


100 

X 

1022 


Table XXV 

Mean ImaU index 

neiyni inacx — Meanofmaxxmvm head length and breadth 


Mean and P E 
S D and P E 
C V and P E 


Class 
per cent 

Z 

Eemalc 

Z 

Male 

1 

Class 
per cent 

Z 

Female 

i z 

1 Male 




64 5—06 4 

1 

1 

74 5 

17 

• 

17 

84 5 

0 

1 

66 5 

4 


70 5 


22 

86 5 

3 

2 

68 5 

4 


78 5 

22 

13 

88 6 


0 

70 5 

4 

11 

80 5 

7 

4 

90 5 


0 

72 5 

15 

19 

82 5 

4 

3 

92 5 


1 


\ 


1 


- 


100 

i 

m 


Pemale 


70 0 ± 0 30 

4 5 ± 0 21 

5 8 ± 0 28 


Male 


70 1 ± 029 
44 ± 0 21 
6 7 ± 0 27 


Difference 

^ 05 ± 

+ 01 ± 030 
+ 01 ± 039 


X 


100 s 
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Table XXVI 


Height breadth index = 


Au ricular hctghl x 100 
Maximum head breadth 


Cln":3 

Z 

z 

1 

Cla<;s 

Z 


Z 

Class 

^ Z 

Z 

per cent 

Female 

i 

Atale 

per cent 

Femnlo 

Male 

per cent 

Female 

Male 

72 5—74 i 


3 

84 5 

13 


10 


96 5 

3 

2 

T4 5 


1 

so 5 

If) 


10 


98 5 

0 

i 2 

76 5 


3 

88 5 

12 


13 


100 5 

0 

0 

78 5 


1 

90 5 

0 


11 


102 5 

1 

0 

80 5 1 


8 

92 5 

G 


3 


104 5 


1 

CO 


12 

94 5 

4 


5 



100 

100 


Female I 

1 

Male 

1 Difference j 

X 

Mem and P E 


80 2 ± 

0 36 

87 0 ± 0 38 

- 08 

±0 63 


S D and P E 


5 4 ± 0 26 


5 7 ± 0 27 

- 03 ± 0 37 

99 1 

C V and P E 


6 2 ± 

0 30 


0 5 ± 0 31 

- 03 

±0 43 



Table XXVII 


Gramal module = 


Maximum head length + maximum head breadth + anncular height 
__ __ _ ^ ^ 


Class 

mms 

Z 

Female 

Z 

Male 

Class 

mms 

Z 

I' ema'c 

Z 

Male 

Class 

mms 

Z 

Female 

Z 

Male 

133 5-135 4 

1 


147 5 

28 

6 

161 5 


1 

135 5 

0 


149 5 

11 

16 

163 5 


0 

137 5 

4 


151 5 

6 

18 

165 5 


0 

139 5 

5 


153 5 


25 

167 5 


0 

141 5 

14 


155 5 


15 

169 5 


1 

143 5 

15 

1 

157 5 


ft 




145 5 

16 

5 

159 5 



■■ 

100 

100 


Mean and P E 
S D and P E 
C V and P E 


Female 


146 3 ±0 25 
36 ± 017 
2 5 ±012 


Male 


153 7 ±0 26 
3 8 ± 0 18 
2 5 ± 0 12 


Difference X 


— 7 5 ± 036 

- 0 2 ± 0 25 95 2 

00 ± 0 17 
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T.vbll XXIX 


Phyvogiionitc facial length 


Class 

Z 

Z 

Class 

Z 


Z 

Class 

Z 

z 

mms 

Female 

Jitalc 

mms 

Fcinnlc 

Male 

mms 

Female 

Male 

145-146 9 

1 


165 

7 


4 


185 

1 

4 

147 

3 


167 

11 


13 


187 


1 

149 

2 


169 

9 


8 


189 


0 

161 

5 


171 

10 


11 


191 


1 

153 

2 

1 

173 

6 


7 


193 


4 

165 

7 

2 

175 

4 


7 


195 


1 

157 

9 

3 

177 

3 


5 


197 


0 

169 

5 

1 

179 

1 


7 


199 


1 

161 

5 

6 

181 

3 


2 





163 

c 

7 

183 

1 


4 














100 

100 




Female 

Male 

Difference 

X 

Mean and P F (mms ) 

164 8 ± 

0 60 

172 7 ± 0 64 

- 7 9 ± 0 87 


S D anct> P E (mms ) 

9 0 ± 0 13 

9 6 4- 0 46 

- 06 -i 062 

95 4 

C V and P E (poi coni) 

5 5 J; 

0 26 


5 5 -t 0 27 

- 0 1 4- 0 37 



Table XXX 


I 


h 


Physiognomic facial 


index = 


Bizygomalxc hreadili X 100 
Phystognonne facial length 


Class 
per cent 

Z 

Female 

Z 

Male 

Class 
pel cent 

Z 

Female 

Z 

Male 

Class 
per cent 

63 5—65 1 

1 

1 

73 5 

16 

13 

83 5 

65 5 

2 

2 

76 5 

23 

14 

85 6 

« 67 5 

2 

8 

77 5 

15 

17 

87 6 

69 5 

7 

6 

79 5 

11 

8 

89 5 

71 5 

8 

14 

815 

10 

11 

91 5 


Z 


z 


Female 


4 

1 


Male 


4 

1 

1 

0 

1 


100 


100 


Mean and P E 
^ D and P E 
C V and P E 


Female 


76 7 -t 0 29 
43 ± 020 
5 6 ± 0 27 


Male 


76 4 ± 0 40 
6 9 ± 0 28 
77 ± 037 


Difference 


+ 0 3 ± 0 49 

— 1 6 ± 0 36 

- 20 ± 046 


X 


100 4 



Intlnojmmclnc, j\Ica<^V}cmcn(s in Bomhay 


TAiiLr XXJvI 

J\Iorj)hoInffi(fil f acini Icnglh 


Z 

Female 



Mean nncl P E (ninm ) 

S D and P E (innm ) 

C V and P E (per cent) 


10") 0 J- 0 IS { HOG + 054 

60 + OFI I SO -t OSS 

GG i 0 32 I 72 i 0 35 


Difference 


5 G ± 0 72 
1 0 ± 0 50 
0 6 ± 0 47 


Table XXXII 

rr, . 1 r 7 7 Mornhohqicnl fnnaJ length \ 100 

Tola! facial index = 


Class 
per cent 


67 5—69 4 
69 5 



z 

Male 

Class 
per cent 

Z 

Female 

z 

Male 

Class 
per cent 

1 

81 5 

20 

12 

95 5 

2 

S3 5 

8 

14 

97 5 

1 

85 5 

13 

13 

99 5 

3 

87 5 

6 

4 

101 5 

10 

89 5 

5 

8 


9 

91 5 

5 

6 


S 

93 5 

2 

6 





Difference 

+ 2 2 i 0 57 
_ 04 ± 0 41 
- 0 4 i 0 49 
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01— 02 0 
03 


Table XXXIII 

Phy<tiognomic sttpcrtor facial IcngHi 




z 

Male 

CIn*^s 

mms 

1 

71 



Mean and P E (mm*! ) 

S D and P E (mms ) 

C V and P E (per cent) 



Z 

Female 

z 

Male 

Class 

mms 

14 

11 

81 

13 

14 

83 

9 

10 

85 

2 

9 


0 

4 




Z Z 

Eomale Male 




Difference 


70 0 ± 0 31 72 3 ± 0 34 - 1 0 ± 0 40 

40±0 22 50± 0 24 - 04 ±0 32 97 7 

65±0 31 60±0 33 -04±0 45 


Table XXXIV 

Morphological superior facial length 



Class 

mms 

Z 

Female 

Z 

Male 

Class 

mms 

01 

20 

15 

73 

03 

15 

17 

75 

05 

16 

11 

77 

07 

9 

13 

79 

09 

10 

6 


71 

3 

2 



z z 

1 emale Male 




Difference X 

0 2 ± 0 45 
0 4 ± 0 33 99 5 

00 ± 049 












































Anthrojmmctrw Mcasmmonts m Bombay 
Tauu XXXV 


i^npmnr fann} index == 

* JUziitjomnltc breadth 


Class 
per cent 

Z 

] ( male | 

Z 

Male 

Class 

JK r <( nt 

z 

7 « male 

Z 

Male 

Class 
per tent 

Z 

Female 

2 

Male 

30 5—38 1 


1 

46 .3 

12 

20 

56 5 

4 

0 

38 3 

1 

2 

48 3 

20 

23 

38 5 

1 

1 

0 

10.3 

1 

' 

50 5 

20 

11 

GO 3 

j 

1 

42 5 

G 

i.{ 


10 

7 


' 1 
1 


44 5 

0 

11 


■■ 

O 


100 , 

100 


1 

j Female 

I^fnlc 

7 

Difference 


Mean and P E 

50 0 ±0 25 

48 0 ±0 26 

± 2 0 ± 0 36 


S D and P E 

3 7 ± 0 18 

3 8 ± 0 18 

- 0 1 ± 0 25 


C V and P E 

7 0 36 

7 0 ± 0 38 

- 0 3 ± 0 52 



Table XXXVI 

Nasal length xn gionnd plan 


Mean and P 3S (mms ) 

S D and P E (nWs ) 

G V and P E (peAcent) 


Female 


47 8 db 026 
3 8 ± 0 37 
80 ± 0 40 


Male 


47 9 rh 0 27 
40 ± 019 
8 3 ± 0 40 


Difference 


- 01 ± 038 

- 0 2 ± 0 41 

- 03 ± 05" 


Class 

mms 

Z 

Female 

z. 

Male 

Class 

mms 

Z 

Female 

1 

Z 

Male 

Class 1 
mms 

Z 

Female 

z 

Jlale 

40—41 9 

4 

5 

48 

17 

19 

1 

56 

1 

5 

42 

44 

11 

12 

12 

t 

13 

50 

52 

13 

9 

19 

9 

58 

1 

1 


46 

25 

1 

1 

15 

54 

7 

3 



m 


99 9 
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Table XXXVII 


7LT T j Nasal breadth \ 100 

Aasal wdex— 



Class 
per cent 

Z 

Female 

77 6 

4 

79 6 

5 

81 6 

1 

83 5 

2 

86 6 

1 

87 5 

89 5 

100 


Difference 


Mean and P E 
S D and P E 
C V and P E 


08 7 ± 0 48 
7 2 ± 0 34 
104 ± 050 


748 ± 057 
85 ± 040 
11 3 4- 055 


- 6 1 ± 0 75 

- 1 3 ± 0 53 
+ 9 3 ± 0 74 


Table XXXVIII 


Nasal length along profile 


z 

Female 


43—44 9 

45 

47 

49 

51 































Antinopomctnc Mcasiaementh in Bombay. 


T\»m. XXXIX 

Na^al hctqht prnpchon from face 


, ^ ClnsM 7 . 7 ^ Z 

1 oriiiilo Mnl(' innis Finmlp ninis Icmnlc 



Mean and P E (mnis ) 

S D and P E (inms ) 

C V and P E (per cent) 


IS d -t 0 14 
21 ±0 10 
II 4 ± 056 


Difference 


208 ± 0 15 - 26 ± 020 

2 2^010 - 0 1 i: 0 15 


10 4 4- 0 50 


_ ] 0 ± 0 75 


Table XL 

Fionlal height, physiognomic 


Z Class Z Z Class 

Male mms Female Male mras 


Z 

Female 



Mean and P E (rams ) 68 4 ± 0 51 

S D and P E (mras ) 7 6 ± « 36 

C V and P E (per cent) 18 0 ± 0 63 


03 2 i- 0 53 _ 48 db 073 
784-0 37 -02±0 52 
125 ± 061 + 05 ± 088 
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Height of nmcoiis bps 


Class 

Z 

7 

Class 

/ 


Z 

Class 

Z 

z 

mms 

Female 

Male 

in ms 

1' einale 

Male 

1 

mms 

Female 

Male 

1 

9—10 9 


1 

17 

33 



26 

1 

3 

11 

3 


19 

30 



27 


1 

13 

5 


21 

8 


14 ' 




16 

17 

8 

23 

3 


11 


100 

92 


Female 


Male 

DiiTercnce 

X 

Mean and P E (mms ) 

18 0 ± 

0 17 

19 4 ± 0 22 

- 1 4 ± 0 27 


S D and P E (mms ) 

25 ± 

0 12 


3 1 ± 0 16 

- 0 6 ± 0 19 

92 7 

C V and P E (per cent) 

13 9 i- 

0G7 

16 8 ± 0 80 

- 1 9 ± 1 05 



Table XLII 


Height of entire upper lip 


Class 

mms 

Z 

Female 

Z 

Male 

Class 

mms 

z 

Female 

z 

Male 

Class 

mms 

Z 

Female 

14—16 9 


2 


34 

29 

26 


16 

8 

3 


17 

28 



18 

39 

19 



13 


100 


Mean and P E (mms ) 

S D and P E (mms ) 

C V and P E (per cent) 


Female 


19 8 ± 0 12 
1 7 ± 0 07 
88 ± 042 


Male 


21 3 ± 0 17 
25 ± 0 12 
11 8 ± 049 


Difierence 


- 1 6 ± 0 21 

— 0 8 ± 0 14 

— 30 ± 064 


Z 

Male 


100 


93 
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Atif/nopoincl) ic Mra'iuremcnL^ 'in Bombay 


Tai?ll XLJIJ 


I/cight of (Htirc lover lip 


Clrt‘^s 

mtuM 

'A 

I oinnlo 

A 

Male 

Clrtcti 

initiM 

[ 

A 

1 1 male 

A 

Male 

Clas3 

min'! 

Z 

rcninic 

z 

Male 

10—110 

1 

2 i 

i 

20 

0 

28 -j 

30 


0 

12 

7 

4 

4) ) 

i 

2 

10 

32 

1 

1 1 

m 

It 

21 

12 

21 


1 

1 

! i 

0 

1C 

Ji 

17 

2G 


3 

3C 


1 

18 

20 

12 

28 


1 


100 

lOO 



Female 

Male 

Difference 

Mean and P E (innis ) 

1G5 ± 015 

10 2 ± 027 

- 27 -t 0 31 

S D and P E (niins ) 

23 ± on 

40 ± 019 

— 1 7 0 22 

C V and P E (per cent) 

13 8 ± 0 07 

20 3 ± 1 01 

- Go ± 127 


Table XLIV 
Height of cliw 


Class 
mras i 

Z 

Female 

Z 

Male 

Class 

rams 

Z 

Female 

Z 

Male 

Class 

mnis 

Z 

Female 

Z 

Male 

30—31 9 

1 

1 


42 

11 

15 

i 

54 


3 

32 

3 

I 

44 

22 

1 

: 16 

50 


0 

34 

3 i 

1 

40 

1 

6 

11 

58 


2 

1 

13 

5 

48 

1 

11 


1 

. _ 1 



3S 

18 

8 

50 

4 

10 



■ 

40 

! 18 

' 16 

52 


3 

1 




Mean and P E (mms ) 

S D and P E Ymms ) 

C V and P E ^er cent) 


Female 

Male 

410 db 028 

41 ± 020 

10 0 ± 048 

44 6 ± 0 34 

5 1 + 0 24 

114^0 65 


Difference 


_ 35 ± 044 

— 1 0 ± 031 

- 14 ± 071 


00 
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Table XLV 
Physiogmimc car length 


Mean and P E (mms ) 

S D and P E (mma ) 

C V and P E (per cent) 


Class 

mms 

z 1 

Female j 

z 

JIalc 

Class 

mms 

Z 

1 emale 

Z 

Male 

Class 

mms 

Z 

Female 

z 

Male 

30—37 9 

1 

1 


50 

0 


04 

2 

11 

38 

0 


52 

12 


00 

0 

5 

40 

1 

0 

1 

54 

10 

3 

08 

0 

2 

42 

0 


50 

22 

10 

70 

0 

2 

44 

0 


58 

20 

23 

72 

1 


40 

0 


00 

15 

29 




48 

1 

1 

02 

4 

15 


100 

100 


Female 


50 G ± 0 28 
4 2 ± 0 20 
7 4 ± 0 30 


Male 


00 9 ± 0 22 
3 3 ± 0 10 
5 3 ± 0 20 


D)fTeronce 


- 42 ± 030 
+ 09 ± 025 
+ 21 rl- 0 44 


93 1 


Table XLVI 


Physiognomtc ear hieadth 


Class 

mms 

z 

Female 

Z 

Male 

Class 

mms 

Z 

Female 

Z 

Male 

Class 

mms 

Z 

Female 

Z 

Male 

24r— 25 9 

1 


32 

30 

19 

■ 


0 

6 

20 

3 


34 

24 

30 

1 


0 

1 

28 

30 

10 

12 

30 

7 


23 

1 

H 

1 


18 

38 

0 


10 

1 

H 

100 

100 


Female 

Male 

Difference 

X 

Mean and P E (mms ) 

S D and P E (mms ) 

V and P E (per cent) 

32 4 ± 0 18 

27 ± 013 

8 0 ± 0 41 

34 9 ± 0 18 

2 7 ± 0 13 

7 7 ± 0 37 

- 25 ± 020 

+ 00 ± 018 

+ 09 ± 066 

92 0 
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Anthapnmvinc j\fiasvrrmni('> in Bombay. 


T\i)li XLVJI 


('In*-! 

jK-r tctit 


iO ".—(2 I 
42 '•> 


P/n/sioffiiomic nitral 

J'htjiKujnomir car length 


7. 




Jlean and P E 
S D and P E 
C V and P E 


C 

(H'r <<n< 

7 

1 « tiia1( 

7 

Male 





I > 

i 

51 7 

1*2 

14 

55 7 

17 

19 

58 5 

19 

19 

50.7 

1 1 

18 

52 5 

5 

5 


Female 


57 I ± 0 21 
3 1 ±015 
55 ± 02C 



57 5 ±0 25 
38 ± 018 
6 2 ± 0 32 


0 4 ± 0 33 
07 ± 023- 
07 ± 041 



Table XL VIII 


Blorfhdlogrcal ear length 
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Cla-a 7 'i Clnus 7. Z j Class Z Z 

mnis rciimlo Alnic Dims Fciimie Alalc I nuns Female Male 


35— 3C 0 


1 

47 

37 

3 1 

0 

49 

39 

6 

0 

51 

41 i 

10 

2 

63 

43 

23 

10 

65 

45 

1 

21 

10 

57 


Female 


Mean and P E (mms ) 46 4 ± 0 20 

S D and P E (mms ) 4 3 i 0 20 

C V and P E (per cent) 0 4 ± 0 46 


11 

20 

60 

0 

S 

21 

01 

0 

G 

12 

03 

1 

o 

12 



1 

6 



0 

1 


100 


Male Difference X 


48 8 -t 0 25 - 3 3 ± 0 38 

37±0 18 +06d;0 27 93 

76±0 37 +18±0 68 


Table L 


f' 


Morphological aural index 


Morphological ear h-ead(h x 100 
Morphological ear length 


Class Z Z Class Z Z Class Z Z 

per cent Female Male per cent Female Male per cent Female Male 
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\)tlh)i)pn))n h IV Mffi^iiivmnits in Jlombaif 


T\mi LI 


Iloimnilti} < n( iinifi uuN of lh< hrad 


C’Insi 

/ / 


/ 

z 


Cla^s 

Z 

7 

nuns 

1 einaie Mnl( 

rcttn 

} ( titiilc 

Malt 


mm^ 

J amnle 

Halt 



181— 1S6 9 

1 

621 


i, 

1 


701 


4 

4 SO 

O 

621. 

20 

I 


760 


a 

191 

1 

631 

10 

1,1 


571 


3 

19(i 


'.10 

9 

9 


570 



601 

> 1 

'.tl 


1 

12 


781 



600 

n 1 

6 «(. 


3 

10 






51 1 

10 1 

6'.1 



20 





610 

1 

7 70 



n 


' 

100 

99 


Femnlo 

Male 



Mean and P E (rams ) 

721 8 4- 0 97 

749 I ± 0 95 

— 27 3 ± 0 43 


S D and 

E (rams ) 

144 ± 009 

24 0 0 6/ 

± 04 ± 091 

% 

C V ftud P E {per cent) 

28 ± 0 13 

2 

6 ± 0 12 

± 0 2 ± 0 IS 



i 


1 



1 



— - 


Table LII 


SagUial aic of (he head 


Class 

mms 

Z 

Female 

Z 

Male 

Class 

mms 

Z 

Female i 

Z 

Male 

2S6~2D0 9 

1 

1 1 


331 

13 

1 

' 6 

291 

0 


336 

9 

9 

296 

3 i 

I 

341 

6 

13 

301 

2 


346 

2 

13 

306 

7 


351 

1 

16 

an 

6 

2 

356 

1 

7 

316 

19 

3 

361 


7 

321 

17 

I 1 

366 


7 

326 

17 

I 9 

371 

1 

i 

0 


Mean and P 
S D and P 
C V and P 


E 

E 

E 


(nvms ) 
(mins ) 


Female 


324 5 ±0 55 
S 2 ± 0 39 
26 ± 012 


Male 


Class 

mnis 


376 

381 

386 

391 

396 

401 

406 


Z 

Female 


100 


347 8 
16 3 
44 


± 104 
±0 73 
±0 21 


Dififerenre 


23 4 ± 1 18 
7 1 ± 0 77 
19 ± 0 24 


Z 


2 

1 

0 

2 

0 

0 

1 


99 


X 


93 3 
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Table LIII 

, , GlahtUa inion lenqth X 100 

Saqitlal oamal cinvatnic mdo — — i,a(jiiuil arc 


Class 
per cent 

/ 

Female 

7 

■Male 

Class 
jicr cent 

z 

Female 

2 

JInlo 

Class 
per cent 

Z 

Female 

46 5—18 4 

2 

B 

54 6 

30 

12 

62 5 


48 5 

3 

■M 

56 5 

10 

10 

64 5 


50 5 

21 


58 6 

1 

1 



62 5 

33 

41 

GO 5 


0 


100 



Female 

Male 

Difference 

X 

Mean and P P 

1 

63 9 ± 018 

63 3 ± 0 17 

± 0 6 ± 0 25 


S D and P E 

2 2 ± 0 13 

2 6 ± 0 12 

- 04 ± 0 18 

101 1 

C V and P E 

4 1 ± 0 19 

48 ± 0 23 

1 

- 0 8 ± 0 30 



Table LIV 

Transverse arc of the head 


Class 

mms 

Z 

Female 

Z 

Male 

Class 

mms 

Z 

Female 

Z 

Male 

Class 

mms 

Z 

Female 

301—305 9 

1 


336 

13 

10 

371 


306 

0 


341 

16 

13 

376 


311 

2 


346 

17 

11 

381 


316 

4 


361 

3 

14 

386 


321 

9 


356 

4 

7 



326 

12 


361 

1 

8 



331 







100 

18 


366 


10 




Female 


Male 


Difference 


Mean and P E (mms ) 

S D and P E (mms ) 

C V and P E (per cent) 


336 4 ±0 76 
11 1 ± 053 
33 ± 0 16 


361 3 ± 1 04 
153 ± 0 73 
4 4 ± 0 21 


- 14 9 ± 1 65 

- 42 ± 0 91 

- 1 1 ± 0 26 


Z 

Male 

6 

0 

3 

3 


99 


X 


95 7 


















































inr. 


Anllnopnnu’fi K ,)J(osff)/))iruh vi Bombay 

T\m.t L\ 


'T>07>sti,s( uaninl „„hj- -- 

y mniiersc arc 


CIam 


/ 


{xrcoiit Jtmnlc 


20.';— 51 1 


31 


Z 

Mnii 


C’ln'n 

]>tr ci'iil 


'U 


33 


7. 

1 onmU 


Z 

Male 


‘12 


IS 


42 


das'? 
JKF cent 


Z 

1-cninle 


39 5 


23 


100 


Z 

Mai- 


"s 


99 



Female 

Male 

Difference 

1 

Mean and P E 

3G 4 ± 0 12 

366 ± 012 

- 03 ± 018 


S D and P E 

1 8 ± 0 08 

1 9 ± 0 09 

- 01 ± 034 1 

991 

C V and ? E 

49 ± 0 23 

6 1 ± 0 25 

- 0 2 ± 0 12 



(6) Summary and discussions of the head measurements 
Measutements of the male gioiip 


In tlie absence of suitable material to compare 'witb tbe results of the presen 
study, comparisons are |few Under tbe Ethnological Society of India (now 
some measurements of Individuals of different castes in India were taken m 
Tbe report about tbe Bombay Presidency is published m 1907 The book ocs n 
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mention any methods employed in takmg measurements A few comparisons 
which can be elicited arc as folloi\s — 

In the report the liighcst cranial length is 186 4 mm and of Konkanastha 
Brahmins (100) A^ crage cranial length of oui cosmopolitan group is 187 9 mm 
(Table V) The head nidth from our study is 146 36 mm (Table VII) and 
approaches the standard of Saiaswat Brahmins (100) from the report Our 
bizygomatic breadth (Table XI) is 131 7 mm and is the same for Mahars from the 
report (for summary of the report see pp 340-41) 

The average cranial index of our study is 77 92 per cent (Table VITI), showing 
the head to be mesocephalic (mesocephahe range 76-81) The least frontal breadth 
IS 102 5 mm (Table IX) The transverse fronto-parietal index is 70 2 per cent 
(Table X) mdicating the head and face to be eurymetopic (69) The zygomatico- 
frontal index is 77 32 per cent (Table XII), bigonial breadth is 89 mm (Table XIV) 
and the zygomatico-mandibular index is 67 9 per cent (p 19) Auricular and 
bunastoid breadths are 128 38 and 128 48 mm , showing the same figures (Tables 
Xn and XVII) Biocular and interocular breadths are 92 52 and 30 8 mm (Tables 
XVIII and XIX), while interpupillo-cranial index is 42 24 per cent (Table XX) 
Nasal and oral breadths are 35 64 and 48 3 mm (Tables XXI and XXII) 
Auricular height indicating the cranial height is 127 02 mm (Table XXIII) 
Length auricular height index is 67 6 pei cent (Table XXW) showmg the average 
head to be hypsicephalic (76), w'hile the mean height index is 76 14 per cent 
(Table XXV) Height breadth index is 86 96 per cent (Table XXVI) and the 
cramal module is 163 72 mm (Table XXVII) Height vertex to sub-nasal is 
154 8 mm (Table XXVIII) Physiognomic facial length is 172 66 mm (Table 
XXIX) Physiognomic facial index is 76 44 per cent (Table XXX) Morpholo- 
gical facial length is 110 6 mm (Table XXXI) and the total facial index is 81 14 
per cent (Table XXXII) mdicating the face to be euryprosopic (80-85) 
Physiognomic superior facial length is 72 26 mm (Table XXXIII) while 
morphological one is 63 16 mm (Table XXXIV) Superior facial index is 48 
per cent (Table XXXV) and so it is euryne (46-50) Nasal length in ground plan 
IS 47 88 mm (Table XXXVI) The nasal index is 74 78 per cent (Table XXXVII) 
and the nose is mesorhinic (on head 70-84 9 and on skull 48-52 9) Nasal length 
along profile is 51 68 mm (Table XXXVIII) Nose salient is 20 84 mm (Table 
NXXIX) Frontal height is 63 16 mm (Table XL) Heights of mucous bps, 
entire upper and lower bps are 19 36, 21 32 and 19 24 mm respectively (Tables 
XLI, XLII and XLIII) Height of the chm is 44 58 mm (Table XLIV) Phy- 
^ognomic ear lengths and breadths are 60 86 and 34 88 mm (Tables XLV, and 
^VI) Physiognomic aural index is 57 46 (Table XLVII) Morphological ear 
lengths and breadths are 29 26 and 48 78 mm (Tables XLVIII and XLIX) and 
the morphological ear index is 167 4 per cent (Table L) Horizontal circumference 
of the head is 549 mm (Table LI) Sagittal arc 347 8 (Table LII) and the 
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trajis\ cifiC' ni( .‘bl.i nun (Tabh* LIV) .Sjifnttal tranial and trnns\crse craiml 
cunaliuc indues me 53 20 pei tent and % GJ jiei (ent (Tables LIII and LT) 
respect !\ el V 

The iclation^ of the flcMations of subjeds about the standard ^a^} vndelv 
accoiding to the magnitude in case of nieasurcnif nts Sniallci the measurenifBt 
gicatei IS the \anation, and gieatei tin nieasnrcnient smaller in proportion is tit 
, — variation The least \ anal ion (2 .12 pei tent) is about the hon/ontal circwnferenct 

the head (Table IjI) The gieatest \ariation (20 3 per cent) has been found to 
V ‘^bout the height of the entire lowei lip (Table XLIIJ) being the measurement 
" of the least magnitude m the head 

The variation in head indices ranges from 2 d8 to 11 86 per cent forcranirl 
module (Table XXVII) and morphological auial index (Table L) 

iVcasurcnients of the female gionp 

The measurements of the female group cannot be compared vith any material 
The figrrres for American vomen vhich verc available to us from the Journal oj 
Physical Anihr apology, Vol XIII (p 189) (Anthropometry at Smrtir College bT 
M Steggerda, J Crane, and JI D Steele) have been hov'cver compared ■with tk 
present study 

Maximum head length of our group is 176 36 mm (Table V), -wliile the figuM® 
r from different studies in America are 186 43, 186 88, and 180 22 mm Head 'svidtb 
IS 140 46 (Table VII) and American groups have 145 98, 147 11, and 145 22 n®' 
Our cephalic index is 80 per cent (Table VIII) showmg the head to be mesocephalic 
The cephalic indices of American groups are 78 5, 78 96, 80 22, all meso 
cephalic The least frontal breadth is 100 36 mm (Table IX), and American 
groups have 117 5 and 102 7 mm (tne author of the American study has expressed 
the doubt about the correctne% of method applied m taking this measurement, 
'a to a vast difierence in uwo groups there) Fronto-parietal mdex of our group 
'^er cent (Table X) and the Americans have 80 49 and 76 49 The head of 
C V and x ourymetopic Our bizygomatic breadth is 125 96 mm (Table XI) 
are 130 46 and 116 35 mm Our zygomatico-frontal indev is 

XII) Transverse cranio-facial index is 89 76 (Table XlH) 

' 4 mm (Table XIV) American bigomal breadths are 
{h\ ftriMMAUv A Our zygomatico-mandibular mdex is 65 76 per cent 
and bimastoid breadths are 122 36 and 121 92 mm 
•^-'and XVII) Biocular and mterocular breadths are 90 H 
In the absence of suely (Tables XVIII and XIX) Interpupillo-cranial mde 
study, comparisons are fe\ XX) u'hich, it is amusing to note, is nearly the same 
some measurements of mps (43 07 and 43 36) Nasal and oial breadths aie 
The report about the Bop XXI and XXII) 
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Those of Anicricaiis me 28 anti 49 51 nun Our nurictilar height is 126 74 
nun (Table XXIIl) anti the American studios give 124 45, 128 14 and 112 42 mm 
as theirs Our length auiicular height index is 6914 per cent (Table XXIV) 
showing the head to be h^ psicepliahe The American figures are 66 59, 68 7 and 
68 18 Our mean height index is 76 62 per cent (Table XXV) Height breadth index 
IS 86 2 per cent (Table XXVI) American index is 84 89 and 85 86 The cranial 
module of our group is 146 26 (Table XXVII) Height vertex to sub-nasal is 150 44 
(Table XXVIII) Phr siognonnc facial length is 164 8 mm (Table XXIX) and 
physiognomic index is 76 72 per cent (Table XXX) American physiognomic 
facial lengths are 171 91 and 175 59 mm Our morphological facial length is 105 mm 
(Table XXXI) and Americans have 111 99 mm Our total facial index is 83 36 
per cent (Table XXXII) while that of Americans is 86 95 and 90 40 , the head of our 
group is euryprosopic Phjsiognomic superior facial length is 70 62 mm (Teble 
XXXIII), while morphological one is 62 94 mm (Table XXXIV) Superior 
facial index is 50 per cent (Table XXXV) and the face is euryene Nasal length in 
ground plan is 47 76 mm (Table XXXVI) and Americans have 50 61, 53 61 and 
49 62 mm as their figures Our nasal index is 68 68 per cent (Table XXXVII) 
and the nose is leptorhiiiic Figures for Americans are 63 71, 59 89 and 66 17 Our 
nasal length along profile is 51 44 mm (Table XXXVIII) Nasal height is 
18 29 mm (Table XXXIX) American nose salient is 19 31 mm Our frontal 
height IS 58 4 mm (Table XL) Heights of mucous lips and entire upper 
and lower lips are 17 96 19 82, 16 5 mm respectively (Tables XLI, XLII 
and XLIII) Height of the chin is 41 04 (Table XLIV) Physiognomic ear 
length and breadth are 56 62 and 32 36 mm (Tables XLV and XLVI) The 
American figures are 58 87, 58 89 and 58 98 mm for length and 33 23, 30 99 
and 30 18 mm for breadth Our physiognomic aural index is 57 06 per cent 
(Table XLVIIl and Americans’ are 56 31 , 50 63 and 51 30 mm Our morphological 
ear length and breadth are 26 38 and 45 44 mm (Tables XLVIIl and XLIX) 
Morphological aural mdex is 173 65 per cent (Table L) Horizontal circumference 
of the head is 521 8 mm (Table LI) and Americans have 550 15 mm Our 
sagittal arc is 324 45 mm (Table LII) Sagittal cranial curvature index is 
53 9 per cent (Table LIII) Transverse arc of the head is 336 4 m-m (Table 
LIV) Americans having 336 12 mm Our transverse cranial curvature mdex 
IS 36 38 per cent (Table LV) 

The relation of the deviation of subjects from the standard vanes according 
to the magnitude of the measurement as m the male group The least 
variation 2 53 per cent in case of a female group is about the sagittal arc 
(Table LII) and the highest 13 87 per cent about the height of the mucous 
bps (Table XLI) Least and the highest variations of the male group were 
about the entire lower lip (Table XLIII) and the horizontal circumference of the 
head (Table LI) 
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Jlio .'il)otit t)i(‘ sLindnrd*^ of copliiilif indices ranges from 2 49to]3'i 

prj cent foi (lannd niodide (Table XXVJJ) and jnorjdiologicaJ aural index a' 
in tlic male group (Table ]j) 


Coi)i])(iiif^o)i of mah ami fimah ^laiidardf, (Fig 1) 

Compaiison of stamluuls of tsso groups of diFeiont sex is mterestmg Tliice 
head mcnsurenionfs of (he female group, morphological superior facial leiigtli, na'ul 
length m ground ])laii and nasal length along profile (Tables XXXIY, XXSM and 
XXX\1II) ha\c neaih appioachcd the male standards (more than 99 per cent) 
Auiiculai height (Table XXflJ) is 98 8 per cent of the male Frontal and biocuk 
bieadth, height xertex to sub-nasal and pin siognomic facial lengths (Tables IX, 
XV III, XXyilJ, XXX JJf) are <97-98 pei cent JJcacl nidtli, bizygomatic breadtli 
nniicular breadth, mteroculai bieadth. pin siognomic facial length, horizontal 
circumference of the licad and the transverse arc of the head are 95-96 per cent 
(Tables V^II XI XYI, XIX, XXIX, LI and LIV’^) Glabella-Inion length, hrmastoid 
bieadth, oial bieadth and morphological facial lengths are 94-95 per cent 
(Tables VI, XYII, XXII and XXXI) Gieatcst ciaiiial length, height of the enhw 
upper hp, physiognomic eai Icngtli, morphological eai breadth, and sagittal aic 
of the head are 93-94 pei cent (Tables V^ XLII, XLY, XLIX and LII) Bigonial 
breadth, fiontal height, height of the mucous lips and ph} siognomic ear breadth me 
92-93 per cent (Tables XIV, XL, XLI and XLYI) Nasal breadth (Table XXI) 
IS 92 per cent Height of the chin (Table XLW) is 90 per cent Morphological 
car length (Table XL VIII) is 89 per cent hfose salient (Tibbie XXXIS) 
87 per cent Height of the entire lower bp (Table XLIII) is 85 86 per cent 

The aggregate average proportion of the female head to the male head is 94 4 
per cent , the individual standards ranging widely from 85-99 per cent (see Fig 1) 

Comparison of indices shows that transverse cranio-facial and superior facial 
indices (Tables XIII and XXXV) are more than 104 per cent of the same of the male 
group Zygomatic frontal and morphological aural indices (Tables XII and b) 
are more than 103 per cent Cephalic interpupillo-cranial, length auricular Leiglil 
and total facial indices are more than 102 per cent (Tables VQII, XX IXAlI 
and XXXII) Transverse fronto-parietal and sagittal cranial curvature indices 
(Tables X and LIII) are more than 101 per cent Mean height and physiognomic 
facial indices are more than 100 per cent (Tables XXV and XXX) HeigW 
breadth, ph 5 ^siognomic aural, and transverse cranial curvature indices are more 
than eXper cent (Tables XXVI, XLVII and LV) Cranial module (Table XXVH) 
is more wan 95 per cent Zygomatico-mandibular and nasal indices (Tables X 
and XXxVlI) are more than 91 per cent 

The a^egate average of indices of the female head is 100 38 per cent of t le 
male aggreg^e 
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rio ] 

Comparison of head study of males and females 

A graph shovMng, the comparison of tlic standards of head measurements and indices The standards of the female measure 
ents and indices have been redneed to the percentage of the male standard® TIius all raele stan lards represent the line 100 The 
imtered dots along the broken line indicate the table numbers of measurements of female group and those along the unbroken 
‘e indicate indices of the same The numbers refer to table numbers 


5 Max Head L 

6 Glab Inion L 

7 Max Head B 
9 Lst, Front B 

11 Bizjgom B 
14 Bigomal B 
IG Auncular B 

17 Bimastoid B 

18 Biocular B 


Dot numbers along th(> broken line {measurements) 


19 Intcrocul B 

21 Nasal B 

22 Oral B 

23 Auncular Ht 

28 Ht Vt Sub nos 

29 Ph\8 Fac Length 
dl Morp Fac Length 

33 Phjs Sup Fac Length 

34 Morp Sup Fac Lengtii 


30 Nas L gr plan 

38 Nas L profile 

39 Nas height 

40 Front ht phys 

41 Ht raucous lips 

42 Ht entire up hp 

43 Ht entire loucr hp 

44 Ht of chm 

46 Phjs ear length 


Q Head breadth 

Head length 

20 

Ht front B 
•Head mdth 

24 

10 Hst Front B 
Jiizygom B 

25 

]3 BB^gomB 
iinx. head B 

26 

jj; Bigoninl B 

Bizygom B 

27 


Dot numbers along the unbroken line {%ndi<'es) 


Bloc B +Jntcroc B 
2 I\lax head breadth 
Auncular height 
Max. head length 
Auncular ht. 

Mn of Max beadL +B 
Auncular ht 
Max. head breadth 
Max head L4-B+Auric Ht 
3 


30 B 

Phys fac length 
Morp fac length 
Bizygom. breadth 
22 Morp Bup fac L 
Bizjgora breadth 
2 ^ Na®al breadth 
Nasal L gr plan 
Ph>3 car breadth 
i^ys ear length ~ 


46 Phys ear breadth 

48 Morp ear length 

49 Morp ear breadth 

51 Hor Head cirm 

52 Sag arc head 
54 Trans arc head 


50 ^ 

M^~ car lengtlT 
22 Qlab Imon L 
Sagittal arc 
2 g Biauncolar B 
Trans arc 
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I Ntlnopmnf fnr Mta'^i/rntx iifs in liomhay 


IjoHi inalo {iiifl f( ninl( luad^an inosntcplialK, oiininetopic and hypsicepkk 
Hofh innlo and female fa( es are eiin pro^-ofu and enr}ene‘>, TJie male nose jsmec- 
ilnnic and the f(‘niale one is leptorhiiiK 


Study of Trunk. 

{(t) TaIILLS 01 JIJASMUMIMS AM) INBICl.S 01 TrU^K 

Tmji.i LVJ 

ToUil iUilnit 



CJa'is 

inm*^ 

y 

1 enrnlo 

y. 

Male 

Cln*-s 

Inm‘^ 

Z 

J cninle 

z 

Male 

Cine'S 

min*; 

Z 

rcinale 

1 

Uile 


1 


1501 

3 


1731 


1 


1 


1571 

\ 


1741 


3 

1411 

3 


1581 

7 


1751 


4 

1421 

4 

1 

1591 

4 


1761 


3 

1431 

3 1 


1601 j 

3 


1771 


0 

1441 

2 j 


1611 

1 

5 

1781 


0 

1451 

5 


1621 

1 0 

5 

1791 i 


1 

1461 

5 


1631 

i 2 

' s 

1801 

0 

1471 i 

i 

5 


1641 

0 

3 

' 1811 


0 

1481 

6 


1651 

0 

3 

1821 


0 

1491 

5 

1 

S 1661 

I 

0 

0 

1831 


0 


5 

0 

1671 

0' 

7 

1841 


0 

1511 

4 

0 

1681 

1 

6 

1851 


1 0 

1521 \ 

7 

0 

1691 


3 

1861 


1 

1531 \ 

6 

1 

1 

1701 

1*711 






10^1 x 

““ \ 

lU 

5 

3 

1721 




B 

n 


Mean and PVB (mms ) 

S I) and P (mms ) 

C V and P E\(per cent) 


Female 


1518 4 i 4 00 
59 3 ± 2 83 
3 9 ± 0 19 


Male 


1660 9 ±4 75 
70 5 ± 3 36 
42 ± 020 


Difference 


-142 5 ± 6 21 
. 113 ± 440 
- 03 ± 028 


914 
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Table LA^II 
11 eights 


Cln-=3 7 7 CIncs / Z Class Z Z 

kg rcinalo Male kg 1 cmnlc Male kg Female Male 



Mean and P E (kg ) 45 8 ± 0 48 52 3 ± 0 42 - 0 5 -t 0 64 

S D and P E (kg ) 7 1 ± 0 33 6 1 ± 0 20 + 1 0 ± 0 44 87 5 

C V and P E (per cent) 15 6±0 70 117^:0 60 +39J;0 97 


Table LVIII 


Weight tn grammes 


titalxire tn centimetres 


Class 

Z 

Z 


Z 

z 

per cent 

Female 

Male 

per cent 

Female 

Male 

225—34 9 

1 


315 

2 

1 

11 

235 

2 


325 

4 

10 

245 

3 

2 

335 

5 

9 

255 

8 

1 

345 

4 

10 

265 

9 

8 

355 

4 

3 

275 

14 

7 

365 

3 

4 

286 

11 

7 

375 

2 

1 

295 

17 

8 

385 

0 

1 

305 

8 

14 

395 

0 

1 


l^Iean and P E 
S D and P E 
C V and P E 


Female 

304 2 ±2 44 
36 1 ± 1 72 
11 9 ± 061 


Class Z 

per cent Female 
































201 
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Tahli LIX 

Coitsfiiithfoinl iiiibj 


[/\\ rtfjhl 111 (jraviwc^ 

J oldl'iil^tirt in antnnrtrc^ 


Ctn-'S 

iH r u nt 


I onm!( 


20 
21 A 


-21 I 


l.s 

'll 


/ 

Mnlt 


10 

•10 

.It 


{’Ins-1 

IM r tent 

7 

1 ( initlc 

/ 

Mftii 

Clns-i 
jKT cent 

7 

1 cmale 

Z 

Alalc 

ini 

JS 

1 1 

2j5 

1 


mm 

IG 


JG5 

3 







100 



1 cinafc 

Male 

Mean and P E 

216 ± OOS 

22G ± OOG 

S D and P E 

11 ± 0 05 

0 9 ± 0 04 

C V and P E 

4 S ± 0 23 

IS ± OIS 


Dificrenec 


-f I ± 0 10 
+ 0 3 ±0 69 


> 1 /\ 
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Table LX 


Giitk of fhoiaa plane II {males only) 


Class 

mms 

Z 

Male 

Class 

mms 

Z 

Male 

Class 

mms 

Z 

Jlnle 

Class 

mms 

Z 

Male 

716—20 9 

1 

776 

4 

836 

4 

896 

1 

721 

3 


2 

841 

3 

901 

0 

726 

' 0 


4 

846 

5 

906 

1 

731 ' 

2 

791 

1 

851 

2 

911 

1 

736 

! 2 


5 

856 

1 

916 

0 

741 ' 

' 3 


4 

861 

3 

921 

1 

746 

3 

806 

5 

866 

2 

926 

0 

751 i 

0 

811 

5 

871 

3 

931 

0 

756 

3 

816 

6 

876 

0 

936 

1 

761 

3 

821 

3 

881 

0 



766 1 

1 

826 

3 

886 

1 



1 

771 I 

i 2 

1 

831 

4 

891 

1 




Mean and P E (mms ) 

S D and P E (mms ) 

C V and P E (por cent) 

V 


805 5 ± 3 73 
548 ± 264 
68 ± 033 




























G III Kuiitllai and V S TfajadhyaL<ilia 205 

Table LXI 

Total slahirc ramus (manymim (hoiaac guih u eight w hg ) males only 


Class 

Fig 

7 

Male 

Class 

lig 

/ 

Male 

Class 

Fig 

1 

Z 

Male 

Class 

F'g 

Z 

Male 

0—4 9 

1 

15 

7 

30 

20 

45 

5 

5 

2 

20 

13 

35 

19 

50 

2 

10 

0 

25 

12 

40 

16 


97 


Jlcan and T E (Fig ) ‘52 4 ± 0 67 

S D and P E (Fig ) 9 7 ± 0 47 

C V and P E (per cent) 30 0 ± 1 57 


Table LXII 


Giilh of tlioiax plane I {males only) 



Mean and P E (mms ) 760 5 ± 3 89 

S D and P E (mms ) 57 2 ± 2 75 

C V and P E (per cent) 7 5 ± 0 36 



Intinopnmdtu iil< dk nfs ni Bombay 


T\i-Lr LX 111 

Gnl}i III vdi'-l (lout'll ifnlh of tlu triDil)- molc^ ovhj 







i / 

HUiii 

■ Mn!,. 

(.01 

t ' 

> 

GOG 

41 

(.11 

> 

(>lh 

1 

021 

0 

G2G 

5 

GlI 

1 

GIG 

G 

Gil 

1 

G4G 

1 

G51 

2 

cr.G 

6 

CGI 

0 



nims 

7 

Male 

731 

0 

736 

0 

741 

0 

746 

1 

761 

0 

756 

0 

761 

0 

7C6 

2 

771 

1 


<1S 


Mean and P E (mms ) 

S D and P E (mms ) 

C V and P E (per cent) 


GG2o ±2 20 
32 4 ± 1 5G 
49 ± 024 



"'Female 


1281—90 9 

1291 

1301 

1311 

1321 

1331 

1341 

1361 

1361 

1371 

1381 

1391 

1401 

1411 

1421 

1431 1 


Table LXW 

Tiagw7i he7gJit 



Mean and P E (mms ) 

S D and P E (m*s ) 

C V and P E (perVent) 


1405 6 ± 3 98 
69 0 ± 282 
4 2 ± 0 20 



130 0 ±6 68 
20 6 ± 4 73 
1 0 ± 2 48 
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Gnathon height 


Class 

rams 

Z 

Femnle 

7 

Jlnle 

Claris 

ninis 

Z 

romnic 

7 

Male 

Cla'is 

mms 

Z 

Fomalo 

Z 

Male 

1191—00 9 

1 


1301 

6 

2 

1531 


3 

1201 

2 


1371 

2 

5 

1641 


2 

1211 

1 


1381 

5 

mm 

1651 


3 

1221 

3 


1391 

0 


1561 


1 

1231 

5 


1401 

0 

B 

1571 


1 

1241 

7 


1411 

3 

8 

1681 


3 

1251 

4 


1421 

0 ! 


1691 


0 

1261 

3 


1431 

0 


1601 


0 

1271 

7 


1441 

0 


1611 


0 

1281 

4 

1 

1451 

1 


1621 


0 

1291 

7 

0 

1461 



1631 


0 

1301 

4 

0 

1471 


6 1 

1641 


0 

1311 

4 

0 

1481 


6 

1651 


0 

1321 

8 

2 

1491 


6 

1661 


1 

1331 

5 

0 

1501 


2 




1341 

5 

1 

1511 


3 




1351 

7 

2 

1521 


4 


100 

100 



Female 

Male 

Difference 

Mean and P 15 (mms ) 

1312 8 ±3 82 

1466 9 ±4 30 

- 143 1 ± 6 76 

S D and P ^ (mms ) 

67 6 ± 270 

644 ± 3 07 

- 69 ± 412 

C V and P E (per cent) 

44 ± 0 21 

4 5 ± 0 21 

- 01 ± 03 
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Anihopomeluc Mcaswcmcnls m Bomhaij 

Tahu, tax 


IIcKjhi, SywjyJiyswn {males only) 



I\rcnn niid P E (nims ) SC2 0 d: 20 

S D and P E (rntii'i ) 47 9 i 2 SI 

C V and P E (per cent) 5 0 i 0 27 


Table LXXI 


Height, Ibo-oistal 



- 92 1 db 5 4 

- 12 3 d: 3 56 


90 8 


— 0 8 d: 0 40 


Mean and P E (mms ) 

S D and P E (mms ) 

C V and P E (per cent) 


9175 ± 3 13 
46 3 dr 2 21 

6 0 dr 0 24 


1009 6 ± 395 
68 6 d: 2 80 

6 8 dr 0 28 


v-'OOOt*o>-‘t?itorti-osrti. 
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Mean and P E (mms ) 

S D and P E (mms ) 

C V and P E (per cent) 


Female 

Male 

858 5 ± 

3 26 

941 2 ± 3 40 

48 3 ± 

23 

49 9 ± 2 40 

50 ± 

0 27 

6 3 -h 0 26 


Class Z Z 

mms Pcmalc Male 


081 0 2 


091 1 6 

1001 3 

1011 3 

1021 2 

1031 1 

1041 0 

1051 2 

1061 0 

1071 0 

1081 1 


100 98 


Difference X 


- 82 7 ± 4 7 

- 1 6 ± 3 48 99 1 

+ 03 ± 037 


Table LXXIII 


Height, Vertebral 


Class Z Z 

mms Female Male 
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Audnojwvictnc Measwemcnh in Bomhaij 

TAiiu LXXIV 

Hcnjht, Lmuhah 


Cln'^s 

Dims 


801—10 0 
Sll 


871 

SSI 

S91 

901 


z 

1 c innli' 

Z 

i\lnjo 

Class 

nuns 

4 


911 

1 


921 

O 


911 

il 


9)1 

G 


971 

G 


901 

11 

1 

971 

7 

0 

981 

9 

2 

991 

10 

1 

1001 

5 

2 

1011 


Z 

]'< limit 


G 

10 

0 

G 

2 

T 

0 

0 

1 
1 


z 


Clims 


Z 


z 


iAIiile 


nuns 


I'cmalc 


Male 


4 
1 

7 
') 

8 
0 
”) 
G 

5 


1021 

ion 

1041 

1071 

lOGl 

1071 

1081 

1091 


6 

0 

1 

1 

2 

0 

1 

1 


4 


100 


90 



Pcinale 

Male 

Diflercncc 

X 

Mean and P E (inins ) 

S D and P 35 (mins ) 

C V and P E (per cent) 

S90G 4 2 99 

44 1 ± 2 11 
fiO 4 - 0 24 

973 5 i 8 48 

48 9 ±2 46 

7 ±0 27 

— 82 9 ± 459 
_ 4 6 ± 8 24 

— 0 1 4 - 0 35 

915 


Table LXXV 
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Table LXXVI 
StUtng height. Vertex 


mms 

Z 

Ecmalc 

Z 

Male 

Clnss 

mms 

Z 

1' omalc 

Z 

; Male 

Class 

mms 

Z 

Female 

z 

Male 

701—10 9 

1 

1 

801 

10 



901 


2 

711 

1 


811 

13 



911 


3 

721 

1 


821 

8 



921 


0 

731 

2 


831 

3 

9 


931 


1 

711 

6 


841 

2 

4 


941 


0 

761 

10 


851 

2 

14 


951 


1 

761 

10 

2 

861 

1 ' 

14 





771 

11 

2 

871 

1 

22 





781 

9 

0 

881 

1 

5 





791 

7 

1 

891 

1 

5 



100 

100 


1 Female 

Male 


X 

Moan and P E (mms ) 

701 6 ± 

2 43 

857 6 -t 2 26 

- 66 

1 

i 3 29 


P D and P E (mms ) 

36 0 ± 

1 72 

33 4 i 1 59 

+ 2 5 ± 2 34 

92 2 

C V and P E (per cent) 

4 6 ± 0 22 j 

3 9 0 19 

+ 07 ± 029 



Table LXXYII 

Silting height x 100 
Total stature 


Class j 

per cent 

z 

Female 

z 

Male 

Class 
per cent 


Z 

Male 

Class 
per cent 

1 

z 

Female 

j 

z 

Male 

47 5-49 4 

4 

n 

63 5 

20 

10 

59 5 


1 

49 5 

27 


65 5 

1 

1 




51 6 

48 


67 5 


0 






H 





100 

100 


Mtan and P E 
S D and P E 
C V and P E 


Female 


62 2 ± 0 10 
15 ± 007 
29 ± 014 


Male 


51 8 ± 0 11 
17 ± 0 08 
3 3 ± 0 16 


Difference 


+ 03 ± 015 
- 02 ± 0 11 
- 04 ± 0 21 


X 


100 8 






















Class 
per cent 


78 5— SO 1 


80 5 


82 5 


84 5 


86 5 


83 5 


Antho-pometnc Meamnements in Bombay 
Table LXXVIII 

Leg Ifnr/th X 100 
Trunk length 


^ Cinss Z Z Class Z 

I'cmnlc Mnlc per cent Fcnmlc Male per cent Female 



Mean and P E 
S D and P E 
C V and P E 


91 9 ± 040 
5 9 i 0 2S 
0 4 ± 0 31 


938 ± 037 
54 ± 0 26 
58 ± 028 



Difference 


- 1 9 ± 0 54 
+ 04 i 038 
+ 0 6 ± 041 


Mean ^d P A (mms ) 

S D an^ E Wms ) 

G V and P-sH^er cent) 


Table LXXIX 
Fithng Itcxgld, Tragus 


Class 

mms 

Z 

Female 

Z 

Male 

591—00 9 

1 


601 

1 


Oil 

6 


621 

4 


631 

8 

1 

641 

10 

2 

651 

16 

1 

661 

7 

1 

671 

8 

4 



Female 


668 6 ±2 35 
34 8 ± 1 66 
52 ± 025 


Class Z Z 

mms Foinalo Male 



729 0 ± 2 17 
32 2 ± 1 54 
44 ± 0 21 


- 60 4 ± 3 2 
+ 2 6 ± 2 26 91 6 

± 0 8 ± 0 33 
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z z 

Female Male 


431-40 9 

441 

461 

401 

471 

481 

491 




Cliiss 

mms 

Z 

Female 

Z 

Male 

Class 

mms 

Z 

Female 

601 

12 

2 

n 

0 

611 

11 

4 


3 

521 

11 

9 



531 

0 

10 

001 


541 

5 

14 

oil 


551 

3 

18 

021 


601 

1 

23 







100 


Difference 


Mean and P E (mms ) 

S D and P E (mnia ) 

C V and P E (per cent) 


5256 ± 2 
29 7 ± 1 42 
6 7 ± 2 70 


551 5 ± 1 07 
24 8 ± 1 18 
4 6 ± 0 22 


— 20 ± 2 01 
4- 4 9 ± 1 81 
+ 1 2 ± 0 35 


Table LXXXI 


Sitting height, Vertebral 



Z 

Z 

Class 

Female 

Male 

mms 


571—80 9 
581 
591 
001 
011 
021 
031 
041 
061 




Class 

z 

e 

mras 

Female 



Difference 


706 9 ± 3 18 _ 57 4 ^ 3 96 

33 3 ± 2 25 + 1 0 ± 2 78 

48±0 33 4" 05 + 4 09 
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Antlnopomcliic Measurements in Bombay 


Taulv. LXXXII 


SithiKf hetqJif, Iho-cnslal 



:\Icfin and P E (mnis ) 104 4 ± 0 flG 20G 0 i 0 OC _ 12 5 ± 1 1 

S D and P E (mm-^ ) 14 2 i 0 G8 13 0^008 + 03 ± 1 0 944 

C V and P E (per cent) 73i0 35 G7±0 33 + 0G-i:0 48 


Table LXXXTII 


Bmcwmal dimnete? 
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Table LXXXIV 
Iho-cnstal diainetc) 


Class 

nims 

Z 

Female 

Z 

Jlalo 

Class 

nuns 

Z 

Fomnle 

z 

Male 

1 

Class 

mms 

z 

Female 

Z 

Male 

210—220 

i 1 

1 

251 

8 

12 

286 

3 

1 

221 

0 

4 

250 

10 

10 

291 

1 

1 

22G 

0 

3 

201 

19 

8 

296 

1 

1 

231 

6 

7 

206 

9 

9 

301 

1 


236 

3 

12 

271 

10 

6 




241 

G 

G 

276 






240 

13 

13 

281 

H 

2 

1 

100 

98 



Female 1 

1 

Male 

1 

Difference i 

X 

Mean and P E (mms ) 

200 3 ± 1 04 

251 8 ± 1 13 

+ 8 5 ± 1 53 


S D and P E (mms ) 

15 4 ± 0 73 

16 0 ± 0 80 

— 1 2 ± 1 08 

103 5 

C V and P E (per cent) 

59 ± 028 

8 8 ± 0 32 

1 — 0 7 ± 0 43 



Table LXXXV 


Iho crtsial diameter x 100 
Biacromical diameter 


Class 
per cent 

Z 

Female 

Z 

Male 

Class 
per cent 

57 5—59 4 


3 

— 

59 5 


6 ' 


615 


4 


63 5 


12 

77 5 

65 5 


21 

79 5 

67 5 


22 

1 

81 5 

69 5 

1 

12 

83 5 


Z 

Female 

Z 

Male 

Class 
per cent 

Z 

Female 

Z 

Male 

4 

7 

85 5 

9 


4 

7 

87 5 

3 


17 

2 

39 5 

1 


19 

1 

91 5 

2 


21 

1 




10 




1 

9 



100 

98 


Mean and P E 
S D and P E 
C V and P F 


Female 

Male 

Difference 

X 

80 5 ± 0 30 

67 9 ± 0 29 

4- 12 6 ± 042 


4 4 ± 0 21 

4 3 ± 0 21 

+ 0 1 ± 0 30 

118 6 

5 4 ± 0 26 

G4 ± 0 31 

— 09 ± 040 
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Anth ojiomeiiio Meamiomnis in Bombay 


Tablk XC 

BiimommUary (hameicr {males only) 


Cla-s 

min^ 

Z 

Ma’c 

Class 

mins 

Z 

Male 

CInsq 

mnis 

Z 

Male 

Class 

nims 

Z 

JIaic 

1321— 25 9 

o 

1541 

18 

1501 

■' 8 

1581 

3 

152G 

2 

1510 

15 

1600 

9 



1531 

i 

1551 

n 

i 

1571 

0 



153G 

3 

1550 

1 

u 

1 1570 

5 


100 


Menu and P E (turns) 183 7 ±0 92 

S D and P F (turns ) 13 7 ± 0 GT 


C V and P E (per cent) 


7 4 ± 0 30 


Table XCI 


BimmmmUnr}) dwmeter x 100 , , , . 

^,„eromturt/ 7 «mcfcr 
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Class 

z 

mms 

Female 



Mean and P E (mms ) 

S D and P E (mm<! ) 

C V and P E (per cent) 


222 9 ± 1 31 221 5 ± 0 98 + 1 4 ± 1 63 

19 4 ± 0 92 14 4 ± 0 69 + 5 0 ± 1 15 

85±0 51 65±0 65 +12±0 75 



Class 
per cent 

70 5—72 4 
72 5 


Z 

Female 



llto spinal 

diameter X 

llw cristal diameter 

Class 
per cent 

Z 

Female 

82 5 

13 

84 5 

15 

86 5 

16 

88 5 

12 

90 5 

8 

92 5 

5 



Class Z 

per cent Female 



Mean and P E 
S D and P E 
C V and P E 


85 8 ± 038 
56 ± 027 
6 5 ± 0 31 


881 ± 0 41 

5 9 ± 0 29 

6 7 ± 0 32 


Difference 


— 2 2 ± 0 55 

— 0 3 ± 0 39 

— 0 2 ± 0 45 
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Anihoj)omd)to Measurements in Bombay 
Tablti XCIV 


Dor<<o-vcn()aI (harnclo of thorax ‘plane I {males cnly) 


Cln';s 

linn's 

Z 

Jlale 

CIu's'; 

inniH 

Z 

Male 

Clam'S 

mms 

Z 

jMalc 

Class 

mms 

Z 

Male 

135 5—40 4 

1 

155 5 1 

r. 

175 5 

3 

195 5 

1 

110 5 

2 

IGO 5 

7 

180 5 

i S 



145 5 

3 

1C5 5 

i 3 

185 5 

3 

1 


150 5 

7 

170 5 

1 

0 

190 5 

2 


51 


Menn and P E (mni‘» ) 


1G08 ± 1 37 


S D and P E {mins ) 14 4 i 0 97 

C V and P E (por cent) 8 G ± 0 58 


Table XCV 


Transverse drametej of thorax plane J 


Class 

mms 

Z 

Eenittlc 

z 

Male 

Glass 

rams 

Z 

Female 

z 

Male 

Class 

mms 

Z 

Female 

z 

Male 

196—00 9 j 

1 


231 

1 

12 

5 

26b 

1 

11 

201 

4 


236 ' 

1 i 

5 

271 

1 

K 

J 

208 

9 


241 

4 

9 

276 

1 

2 

211 

14 

1 

246 

2 

B 

I 281 


2 

216 

16 

0 

251 

1 

1 1 

B 

286 


1 

991 

i 1(1 

1 

9RR 

0 
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j IV) 

1 18 

1 ^ 

4 

261 

0 

R 


100 

97 


Mean and P E (mm:; ) 

S D and P B (mms ) 

C V and P E (per cent) 


Female 

■Bl 

Difference 

X 

222 7 ±0 86 

257 8 ± 1 13 

_ 35 1 ± 1 42 


12 6 ± 060 

57 ± 027 

16 6 ±0 80 

6 4 ± 0 31 

_ 3 9 ± 1 00 

_ 07 ± 0 42 

86 4 
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ChiS3 

mms 

7 . 

Male 

Class 

mms 

Z 

Male 

Class 

mms 

Z 

Male 

Class 

mms 

Z 

Male 

140 5—45 4 

2 

ICO 5 

11 

ISO 5 

7 

200 5 

1 

145 5 

6 

1C5 5 

0 

185 5 

0 



160 5 

2 

170 5 

6 

190 6 

2 



165 6 

C 

176 5 

1 

195 6 

0 


51 


Mean and P E (mms ) 

S D and P E (mma ) 

C V and P E (per cent) 


1C6 3 ± 1 21 
12 8 ± 0 8G 
8 4 ± 0 57 


Table XCVII 

Transverse diameter of thorax plane II 


Class 

mms 

z 

Female 

Z 

Male 

Class 

mms 

1 

Z 

Female 

Z 

Male 

Class 

mms 

Z 

Female 

z 

Male 

201—05 9 

2 

1 

1 

241 

12 

6 

281 


7 

206 

6 


246 

9 

8 

286 



211 

7 

1 

251 

6 

9 

291 


3 

216 

8 

0 

266 

1 

8 

296 


1 

221 

11 

2 

261 

0 

9 



o 

226 

11 

0 

266 

3 

18 



0 

231 

13 

2 

271 

0 

13 

311 


1 

236 

11 

2 

276 

1 

6 











100 

97 


Eemale 


Male 


Difference 


X 


Mean and P E (mms ) 

S D and P E (mms ) 

Cl V and P E (per cent) 


232 5 ± 1 02 

263 4 ± 1 16 

— 30 9 ± 1 53 


16 1 ± 0 72 

16 8 ± 0 81 

— 1 6 ± 1 09 

88 4 

65 ± 031 

64 ± 0 31 

+ 02 ± 044 
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tadll xcvni 

Thorax plane IJ ilor<io } cnlrtil ihayflrlcr / lOU . , 

' j'horax jj/tnic // (nnisici'sr iluiwilcr ( 7 ) 10 ICS 0 ) lly ) 


CIn'ss 

Z 

C!a'<s 

Z 

JR r tent 

Male 

per cent 

Mnie 

1 

r,i \ 4 

t 1 

V) 

0 

'1 5 5 

1 1 

fit 5 

i « 

V, 5 

1 2 

615 


57 5 

4 

Gj 5 

' c 


Monn nnfl E 
S D anfl I* E 
C V nnd P E 


CIn'iS 

t 

Z 


z 

per tent 

Male 

per cent 

1 

Mnie 

07 7 j 

»“) 

lo *» 

1 

1 


1 



71 6 i 

0 



717 

3 


50 


03 0 ± 0 47 
4 f) ± 0 33 
77 dr 053 


Table XCIX 


Giith of 7iecl aooss h7 7jnx 


Clnss ^ 

z 

Z 

Clnss 

Z 


Z 


Class 

Z 

z 

mims ^ 

Female 

Male 

mms 

Fonmlc 

Male 


nims 

Fomalo 

Male 

201—67 9 

! 3 

1 

30 ] 

[ 1 

7 



341 

1 

10 

266 

3 


306 

! < 
* 

> 

4 


346 

1 

9 

271 

t 5 


311 

2 

7 


351 

1 

b 

276 

17 


316 

< 

1 

4 


356 


4 

281 

12 


321 


1 

1 ^8 


361 

1 

4 

286 

16 1 

* 

326 

1 1 

8 


366 


1 

201 

16 


331 

2 

11 





296 

6 


386 

0 

15 














100 

i 98 


Female 

Male 

j 

Difference 

X 

Mean and P E fmms ) 

290 2 -t 

105 

334 5 ± 0 99 1 

- 44 3 ± 1 44 


S T > and P E fmms 


16 5 ± 0 74 

' 14 5 ± 0 70 

d" -A ^ rfc 1 9 ? 

80 9 

C V aud P E (per cent) % j 

6 3 ± 0 26 

1 

44 ± 021 

+ 0 9 d: 

1 



( b ) Summary and discussions op the trunk measurements 

Measu7emenis of the 'mole group 

Average stature was found to be 1660 mm {Table LYI) wbicb compares with 
stature of Bene-israel from the report Weight of the body is ^52 3 
LVII) Each centimetre height is equal to 318 3 grammes (Tab e ) 

Constitutional mdex is 22 6 (Table LIX), only 15 mdividuals being a ove e 
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average vhicli indicates a fair constitution Ma\mnim girth of thorax is 806 5 mm 
(Table LX) Table LXI of a constitutional index indicates that 3 persons have 
very strong constitution (0-15) Seven individuals have very good constitution 
(15-20) Thirteen have very fair constitution (20-25) Twelve have weak constitu- 
tions (25-30) Twenty have very w'eak constitution (30-35), and the rest 42 
individuals have very bad constitution (35 onwards) An average constitution 32-45 
being very weak Girth of thoiax at Xiphoid process is 760 6 mm (Table LXII), 
and girth at waist is 662 5 mm (Table LXIII) Height to tragus is 1535 6 mm 
(Table LXIV) and height to the eliiii is 1455 9 mm (Table LXV) wLicli is the same 
as that of Dakshini ‘Vanjari from the report Siipiasternal height is 1360 9 mm 
(Table LX'SH), wdiich compares with that of Namdev Simpi Height to the nipple 
IS 1235 5 mm (Table LXVII) and mesosternal height is 1265 4 mm (Table LXVIII) 
Umbilical height is 1014 5 mm (Table LXIX) and height to the symphysis pubis 
IS 862 mm (Table LXX) Ilio-cristal height is 1009 6 mm ^Table LXXI), while 
ilio-spmal height is 941 2 mm (Table LXXII) Height of the level of 2nd cervical 
vertebra is 1510 7 mm (Table LXXIII) and height of the 5th lumbar spine is 
973 5 mm (Table LXXIV) Acromial height is 1362 mm (Table LXXV) Sitting 
neight Vertex is 857 6 mm (Table LXXVI) which is nearly the same as that 
of Bene-israel from the report Proportion of the trunk to the total stature is 
51 8 per cent, while the leg to trunk proportion is 93 8 per cent (Table LXXVIII) 
indicating the average to be sub-makro-skelic (90-96) Sitting height Tragus is 
729 mm (Table LXXIX) Sittmg height Suprasternal is 661 6 mm (Table 
LXXX) The length of the whole Vertebral column as indicated by the sittmg 

height Vertebral is 706 9 mm (Table LXXXI) Sitting height Ilio-cristal indica- 
ting the Pelvic height is 206 85 mm (Table LXXXII) Breadth of trunk between 
the acromial points is 372 9 mm (Table LXXXIII) Greatest pelvic transverse 
diameter mdicated by Ilio-cristal diameter is 251 8 mm (Table LXXXIV) and is 
nearly the same as for Kolis and Namdev Simpis from the report Proportion of 
pelvic breadth to the acromial diameter is 67 9 per cent (Table LXXXV) 
Distance between the outer surface of greater trochanters is 297 7 mm (Table 
LXXXVI) The proportion of bitrochantenc diameter to biacromial diameter 
is 80 33 per cent (Table LXXXVII) Distance between the outer surfaces of 
deltoids IS 413 6 mm (Table LXXXVIII), while the pelvic breadth to shoulders 
IS 61 per cent (Table LXXXIX) The distance betw^een the nipples is 183 7 mm 
(Table XO) and the bimammillary diameter to biacromial diameter is 49 8 per cent 
(Table XCI) Distance between the anterior superior Hio-spmes is 221 5 mm 
(Table XCII) while Tlio-spmal to Ilio-cristal proportion is 88 08 per cent (Table 
XCIII) Thoracic depth at Xiphoid process is 166 75 mm (Table XCIV) and 
breadth of chest at Xiphoid process is 267 76 mm (Table XCV) Depth of thorax 
at mesosternal point is 166 26 mm (Table XCVI) Breadth at the same pomt is 
263 35 mm (Table XCVII), relation of depth to breadth of thorax at mesosternal 

J, Ml^ _ 
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point IS 63 62 pci cent (Table XCVIII) and girtli of neck is 33^5 mm 
(Table XCIX) 

Tlic least variation 3 8 pci cent is about tlio Vertebial height (Table LXXIII) 
and the greatest 11 68 per cent about the n eight of the body (Table LYIl) 

In indices, the subjects deviate least about the mean of Sitting height total 
stature index and the variation is 3 26 pei cent (Table LXXVII), while the 
greatest variation has been found m constitutional mdex (Table LIX) being 
29 95 per cent 

Measxaemcnts of ihe female gicmp 

The average total stature of the female group is 1618 4 Tnm (Table LVI) 
The different studies m America give a standard total stature for Amencan vomen 
rangmg from 1596 5 mm to 1638 mm The weight is 46 8 kg (Table LVII) 
The figures for America range from 52 45 to 56 62 kg Each centimetre of 
height IS equal to 304 2 grammes (Table LVIII) The constitutional mdex is 23 6 
(Table LIX) Tragion height is 1405 6 mm (Table LXIV), while the Americans 
have 1500 45 to 1610 mm Chin height is 1312 8 mms (Table LXV) Supra- 
sternal height IS 1236 8 mm (Table LXVI) Ilio-cristal height is 917 5 mm 
(Table LXXI), W'hilc American women have 955 65 mm Ilio-spinal height is 868 5 
mm (Table LXXII) Americans’ height ranges from 903 8 to 926 7 mm 
Vertebral height is 1375 8 mm (Table LXXIII) Lumbar height is 890 6 mm 
(Table LXXIV) Height acromial is 1227 8 mm (Table LXXV) Americans 
have 1314 to 1324 mm Sittmg height is 791 6 mm (Table LXXVI) Americans’ 
Sittmg height is 868 4 mm Relation of Sitting height to total height is 52 2 per cent 
(Table LXXVII), while the Americans’ relative Sittmg height is 53 28 per cent 
The lengtli of legs is m relation of 91 9 per cent to the Trunk length (Table 
LXXVIII) and the body is sub-makro-skehc Sittmg height tragus is 668 6 mm 
(Table LXXrX) Sittmg height suprasteinal is 525 5 mm (Table LXXX) Sitting 
height vertebral is 649 5 rum (Table LXXXI) indicating the height of the 
vertebral column Sittmg height Ilio-cristal mdicatmg Pelvic height is 194 4 mm 
(Table LXXXII) Biacromial diameter is 327 25 mm (Table LXXXIII), while 
Americans have from 351 to 356 mm Ilio-ciistal diameter is 260 26 mm 
(Table LXXXIV), while Americans have a range from 263 to 272 mm Trunk mdex 
showmg proportion of Iho-cnstal breadth to Biacromial breadth is 80 5 per cent 
(Table LXXXV) The trunk index of Americans is 77-79 49 This shows the 
greater relative breadth of pelvis of Indian women Bitrochanteric diameter is 
295 mm (Table Li^XVI), and of Americans’ figures, one 236 mm does not seem 
to be accurate, whi(e a figure from the other series 318 5 mm seems to be the 
mean for American\women Relation of bitrochanteric diameter to biacromial 
diameter is 9102 perNcent (Table LXXXVII) Breadth of shoulders between 
deltoids is 365 6 mm ITable LXXXVIII) Iho-cristal diameter is 71 5 per cent 
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of tlic brcadtli of shoulders (Table LXXXIX) Ilio-spinal diameter is 222 85 mm 
(Table XCII), while Americans have 244 35 mm llio-spmal diameter is 
85 8 per cent of the Ilio-cristal diameter (Table XCIII) Transverse diameter of 
chest at Xiphoid process is 222 7 mm (Table XCV), and at mesosternal plane is 
232 5 mm (Table XCVII) The girth of neck is 290 mm (Table XCIX) 

The least proportion of deviation 3 66 per cent to the mean is borne by 
biacromial diameter (Table LXXXIII) The greatest variation 16 6 per cent is 
in weights (Table LVII) 

In indices the least variation 2 87 per cent is in trunk-height index 
(Table LXXVII) The greatest variation being in constitutional index (Table LVIII) 
11 85 per cent 


Comimnson of male and female standards (Eig 2) 

Transverse diameter of thorax at Xiphoid process, and girth of neck of female 
group are 86 per cent of the male group (Tables XCV and XCIX) Weights and 
biacromial diameter are 87 per cent of the male (Tables LVII and LXXXIII) 
Breadth of shoulders between deltoids and transverse diameter of thorax at 
mesosternal plane are 88 4 per cent (Tables LXXXVIII and XCVII) Chm height, 
Suprasternal height, Ilio-cristal height. Vertebral and Acromial heights are 90 per 
cent (Tables LXV, LXVI, LXXI, LXXIII and LXXV) Total stature, Tragion 
height, Ilio-spmal Lumbar height, and Sitting tragus and Vertebral heights are 
91 per cent (Tables LVI, LXIV, LXXII, LXXIV, LXXIX and LXXXl) Sitting 
vertex is 92 per cent (Table LXXVI) Sittmg Ilio-cristal height is 94 per cent 
(Table LXXXII) Sitting suprasternal height is 95 per cent (Table LXXX) 
Bitrochanteric distance is 99 per cent (Table LXXXVI) Ibo-spinal diameter is 
practicallj the same as male 100 8 per cent (Table XCII) Ilio-cristal diameter 
is above the male average 103 5 per cent (Table LXXXIV) 

Proportion of weights to the stature of the female group is 96 per cent of the 
male group (Table LVIII) The proportion of leg to Trunk and Ilio-spinal diameter 
to Ilio-cnstal diameter are 97 per cent of the male ones (Tables LXXVII and 
XCIII) The Trunk to total stature is 100 8 per cent of the male one (Table 
LXXVII) The eonstitutional mdex is 104 4 per cent of the male one (Table 
LIX) Relation of bitrochanteric diameter to biacromial diameter is 113 3 per eent 
of the male (Table LXXXVII) The proportion of Ilio-cristal diameter to 
Biacromial diameter is 118 6 per cent of the male one (Table LXXXV) Ilio- 
cristal diameter to breadth of shoulders is 117 2 of the male proportion (Table 
LXXXIX) 

Aggregate average trunk of the female is 91 86 per cent of the male body, 
includmg the pelvic measurements 

Aggregate average of indices of female trunk is 104 4 per cent of the male 
trunk mdices, 




Fig 2, 


C'oinpariioii of truuL study of males and females 

A grape Bticwmg tne comparison of the standards of trunk measurements and “dices The standarfs 
ments and indices have been reduced to the percentage of tho mnlo standards Tims all the male standards ropresc 
The numbered dots along the broken line indicate the table numbers of measurements of female group, and those aJ g 
line indicate indices of the same The numbers refer to table numbers 
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Supphmcntauj notes to ‘ Methods foi taking nicasui ements and 
obsei vations ’ (p 164) 

Lengtli of entne aim with liaiicl=ht Aciomion minus ht Dactylion 
Length of entire aim without hand— lit Acromion minus lit Stylion 
Length of upper arm=lit Aciomion m inus lit Eadial 
Length of forearm=ht Eadial minus ht Stylion 

Total leg length is the nienii of height sympliysioii and height Ilio-cristal in 
case of males 

In females we have taken the leg length as Iho-spmal height minus 40 mm 
Total leg length minus ht Spheiion is leg length without foot 
Length of thigh is total leg minus ht Tibial 
Length of lower leg is ht Tibial minus ht Spherion 


(a) Tables op measurements and indices of appendages 

Table C 
Arm sUetch 


Class 

mins 

Z 

Female 

Z 

Blale 

Class 

mms 

Z 

Female 

Z 

Male 

Class 

mms 

Z 

Female 

Z 

Male 


1 


1581 

3 


2 

1771 


3 


1 


1691 

7 


2 

1781 


2 

1411 

0 



6 


2 

1791 


3 

1421 



1611 

5 


1 

1801 


3 

1431 

1 


1621 

4 


3 

1811 


3 

1441 

3 


1631 

2 


/ 2 

1821 


4 

1451 

5 


1641 

6 


4 

1831 


2 

1461 

0 


1651 

1 


7 

1841 


2 

1471 

2 



0 

2 

1851 


5 

1481 

4 


1671 

0 

2 

1861 


1 

1491 

4 


1681 

1 


2 

1871 


1 

1501 

7 


1691 



5 

1881 


2 

1611 

6 


1701 



4 

1891 


0 

1521 

6 


1711 



10 

1901 


0 

1631 

6 


1721 



6 

1911 


0 

1541 

9 


1731 



2 

1921 


1 

1651 

4 


1741 



4 





1561 

6 


1751 



4 





1571 

4 


1761 



4 



100 

100 


Female 

Male' 

Difierence 

X 

Mean and P E (mm*; ) 

S D and P E (mms ) 

C V and P E (per cent) 

1653 4 ± 4 0 

59 8 ± 29 
39 ± 02 

1734 3 ±5 34 
792 ± 378 

4 6 ± 0 22 

- 180 9 ± 668 

- 194 ± 473 

- 07 ± 029 

89 6 
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Table CI 

Arm slTclch y.100 
Total atatvrc 

CInFS ^ Z Z CInss Z Z Class Z Z 

per cent I'ciniilc JInIc per cent Female Male per cent Icmalc Male 


DO 5—97 4 2 101 5 12 25 107 5 1 6 

97 5 12 2 103 5 19 31 100 6 2 

99 5 25 9 105 5 9 25 

100 100 


Female Jlale Difference X 


Mean and P E 1022 ± OIG 1044 ± 016 - 22 ± 023 

SDandPE 24±012 24±012 -00±016 98 

C V and P E 2 4 ± 0 11 2 3 ± 0 H -f 0 1 ± 0 16 


Table CII 


Height, Radial 



Mean and P E (mms ) 
S D and P E (mms ) 
C V and P E (per cent) 


944 2 ±2 89 
42 8 ± 204 
4 5 ± 0 22 


1040 ±319 

47 3 ± 226 
4 6 ± 0 22 


- 95 8 ± 4 32 

- 46 ± 304 

- 0 1 ± 0 31 


911 
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Gii ill of upper arm, greatest 


Class 

Z 

Z 

Class 

z 

1 

Z 

Class 

z 

z 

mins 

Female 

Male 

mms 

1 Female 

1 

Male 

mms 

Female 

Male 

201—05 9 

2 


251 

7 


12 


301 

1 

1 

206 

5 


256 

G 


8 


306 

0 

5 

211 

2 


201 

2 


10 


311 

0 

1 

216 

0 


266 

8 

; 1 

8 


316 

0 

1 

221 

4 


271 

2 


8 


321 

1 

0 

226 

8 


276 

3 


8 


326 

1 

0 

231 

9 


281 

1 


5 


331 


1 

236 

8 

4 

286 

2 


9 


336 


0 

241 

12 

4 

291 

1 

4 


341 


1 

246 

7 

7 

296 

2 


2 






1 


1 

1 






100 

99 


j Female 1 

Male 

Difference ! 

X 

Mean and P E (mms ) 

245 2 ± 

] 

1 99 

270 9 ± 144 

1 

- 25 7 ± 2 46 


S D and P E (mms ) 

29 0 ± 

141 

21 3 ± 1 02 

+ 83 ± 174 

90 6 

C V and P E (per cent) 

12 1 ± 0 58 

7 9 ± 0 38 

"i* 4 2 0 22 

i 


Table CIV 


Oirth''of tipper arm x 100 
Length of upper arm 


Class 
per cent 

z 

Female 

Z 

Male 

66—69 9 

1 

1 

70 

10 

9 

76 

16 

11 

80 

20 

22 

85 

21 

36 


Cltiss 

Z 

Z 

Class 

Z 

per cent 

Female 

Male 

per cent j 

Female 

90 

12 

13 

116 

1 

96 

10 


120 

1 

100 

6 

mm 



105 

3 




110 

1 

1 

m 


100 


Mean and P E 
S D and P E 
0 V and P E 


Eemale 


Male 


Difference 


87 2 ± 0 71 
10 6 ± 0 50 
121 i 058 


85 4 ± 0 51 
7 7 ± 0 36 
89 ± 043 


+ 1 8 ± 0 87 
+ 28 ± 062 
+ 32 ± 072 


Z 

Male 


99 


X 


102 1 
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Claris 
in ms 

Z 

Female 

316 

1 

321 

0 

326 

0 

331 

0 

336 

0 

341 

1 

346 

0 

351 

0 

356 

1 


100 


Dificrence 


— 21 0 ± 2 38 
+ G 2 i: 1 67 
+ 3 2 ± 0 67 



Table CVI 


Height, Styhon 



Mean and P E (nims ) 

S D and P E (muis ) 

C V and P E (per cent) 


725 5 J; 2 74 783 5 ± 2 57 

40 6 ± 2 44 3S 2 J- 1 S2 

56±0 27 49±0 23 


-58 ±3 76 

± 25 ± 3 05 02 7 

+ 06 ± 036 
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Table CVII 

Lower arm x lO p 
Upper arm 



Mean and P E 77 0 ± 0 38 76 9 ± 0 42 + 0 7 ± 0 57 

S D and P E 6 7 ± 0 27 6 3 ± 0 30 - 0 6 ± 0 40 100 9 

0 V and P E 7 3 i 0 35 8 1 ± 0 39 - 0 9 ± 0 62 


Table CVIII 


Gzri/i of forearm, greatest 



Female Male Difference X 

Mean and P E (mms ) 215 ± 1 04 239 7 ± 0 89 - 24 7 ± 1 36 

S D and P E (mms ) 15 4 ± 0 73 12 9 ± 0 62 + 2 4 ± 0 96 89 8 

C V and P E (per cent) 72±0 34 64±0 26 + 17±0 43 
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A n(Jn opomelnc Measia cments in Bomhaij 
Table CIX 

(iirih nf forearm y 100 
Length of forearm 


Z 

rcmnle 


Menn and P E 
S D and P E 
C V and P E 



Cln'ss 
per cent 

Z 

Female 

105 

17 

110 

4 

115 

4 

120 

1 

125 

0 


Female 


93 8 i; 0G4 
9 5 ± 0 45 
9 G ± 0 4C 




Difference 


96 5 ± 0 52 + 2 2 ± 0 68 

75± 0 37 4- 20 ±0 5S 
78±0 38 +18±0 60 


Mean and P E 
S D and P E 
C V and P E 


Table CX 

Girth of forearm X 100 
Girth of upper arm 



Class 

z 

per cent 

Female 

95 

6 

100 

2 

105 


no 



Female 


87 8 ± 0 36 
6 3 ± 0 25 
60 ± 029 




Difference 


88 9 ± 0 34 — 1 1 ± 0 49 

49±0 24 +04±0 36 

65±0 24 -]-06±0 36 
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Table CXI 
Height, Dactyhon 



Table CXII 


Acromian minuB slylion x 100 
Total stature 


Class 
per cent 

Z 

Female 

Z 

Male 

Class 
per cent 

z 

Female 

Z 

Male 

Class 
per cent 

28—28 9 

1 

■ 

33 

29 

27 

38 

29 

0 


34 

26 

27 

39 

30 

2 

0 

35 

") 

19 

40 

31 

13 

4 

36 


7 


32 

25 

14 

37 


0 



Z 

Female 


Z 

Male 


0 

0 

1 


100 


100 


Mean and P E 
S D and P E 
C V and P E 


Female 

Male 

33 3 ± 0 09 

342 ± on 

14 ± 007 

1 6 ± 0 08 

4 3 ± 0 21 

4 7 ± 0 22 

! 


Difference 


X 


— 09 ± 0 15 

— 0 2 ± 0 10 
— 04 ± 0 31 


97 4 
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Tabll CXIII 


Upper anil v lOQ 
Total arm with luiml 



Z 

7 

Clafs 

Z 


Z 

Class 

Z 

Z 

per cent 

J'einale 

Male 

per tent 

1 einalc 

Male 

per tent 

Female 

Male 

1 

3G— 30 9 


1 

11 

26 

33 


40 

0 


37 

1 

0 

12 

13 



47 

0 


38 

1 

0 

41 

0 

13 


48 

1 


30 

1 

2 

44 

2 

5 


49 

1 


40 

21 

12 

4". 

1 

4 














100 

100 


I'emnle 

Male 

Difference 

X 

Mean and P E 

! 

41 9 ± 0 10 1 

42 2 ± OOi 1 

— 0 3 ± 0 92 


S E and P E 


1 6 ± 1 

0 08 

14 ± 06 

5 

± 02 ± 0 69 

99 4 

C V and P E 


38 ± 018 

j 32 ± 015 

T 06 ± 024 



Table CXIV 


Lower arm x 100 
Total arm with hand 


Mean and P E 
S D and P E 
C V and P E 


Class 
per eent 

Z 

Female 

Z 

Male 

Class 
per cent 

Z 

Female 

Z 

Male 

Class 
per cent 

25—25 9 

1 


33 

25 

39 

41 

26 

0 


34 

13 

12 

42 

27 

0 


35 

2 

3 

43 

28 

0 

1 

36 


2 

44 

29 

2 

1 

37 


0 


30 

14 

1 

38 


1 


31 

19 

13 

39 


0 


32 

24 

26 

40 


0 



Z 

Female 


100 


Z 

Male 


0 

0 

0 

1 


100 


Female 


32 5 ±0 10 
1 6 ± 0 07 
47 ± 0 22 


Male 


33 3 ± 012 
17 ± 0 08 
52 ± 024 


Difference 


08 ± 0 16 
02 ± 0 11 
06 ± 033 


X 


07 6 
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Table CXV 


Giilh of ti'iisl, least 


Class 

mms 

Z 

Female 

Z 

Male 

1 

Class 

mins 

Z 

Female 

Z 

Male 

Class 

mms 

z 

Female 

z 

Male 

121—125 9 

1 1 


141 

26 

■Hj 



10 

120 

1 

1 


110 

1 




5 

111 

19 

1 

151 


mm 


jHH 

4 

130 

28 

1 

150 


B 

H 

100 

98 


Female 


Male 


DifEerenee 


X 


Moan and P E (mma ) 

S D and P E (mms ) 

C V and P E (pei cent) 


139 9 ±0 49 
7 3 ± 0 35 
65 ± 020 


155 8 ±0 49 
7 3 ± 0 35 
4 7 ± 0 22 


— 16 8 ± 0 70 
± 00 ± 049 

± 08 ± 034 


89 7 


Table CXVI 


Gi rth of imst \100 
Girth of upper arm 


Class 
per cent 

Z 

Female 

Z 

Male 

Class 
per cent 

z 

Female 

z 

Male 

Class 
per cent 

Z 

Female 

7 

Male 

45 5—47 4 

2 


65 5 

16 

18 

65 5 

3 

1 

47 5 

3 

2 

67 5 

15 

22 

67 5 

1 


49 5 

5 

2 

59 5 

1 

13 

19 




51 5 

6 

5 

61 5 

9 





53 5 

19 

16 

63 5 

8 

B 



98 


Mean and P E 
S D and P E 
C V and P E 


Female 


Difference 

X 

57 6 ± 031 

67 9 ± 024 

— 03 ± 039 


4 6 ± 0 22 

35 ± 0 17 

± 1 2 ± 0 28 

99 5 

8 1 ± 0 39 

6 0 ± 0 29 

± 2 1 ± 0 48 
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Taiu.i OXXI 


Ilnnd hrnuUh - 100 
IltituI Iriiijlli 


jior c<. at 

Z 

1 oninli 

z 

Mala 

Cln‘>‘! 
jK-r cent 

z 

I'cinnlo 

Z 

Mnlc 

Cln'ts 
per cent 

Z 

Fcmnlc 

Z 

Jlale 

12 \) 

1 


3') 


2 

IG 

4 

8 

n 

0 


to 

n 

7 

47 


3 

•t4 

0 


41 

It 

17 

4S 


3 

n 

() 


<2 

r> 

21 

40 


2 

3G 

0 


n 

17 

17 

oO 


1 

37 

3 


•It 

It 





JS 

O 

0 

17 

5 

8 











100 

99 



rcinalc 

Mnlo 

Difference 

1 ^ 

Mena nnd P E 

42 1 ± 0 17 

43 C ± 0 16 

- 1 5 ± 0 23 


S D and P E 

27 ± 012 

24 ± 0 12 


96 G 

C V nnd P E 

5 0 ±0 28 

5 5 ± 0 27 

+ 04 ± 039 



Table CXXII 


Heigla, Tiocliantenan 


Class 

mms 

Z 

Female 

' 7 

1 * 

1 Male 

Class 

inms 

Z 

Female 

Z 

Male 

Class 

mms 

Z 

Female 

z 

Hale 

701—10 9 

3 

1 

811 

12 

5 

921 


4 

711 

1 

0 

821 

11 

4 

931 


6 

721 

2 

0 

831 ' 

9 

3 

041 


3 

731 

4 

0 

841 

3 

6 

951 


3 

741 

2 

0 

851 

4 

10 

961 

1 

4 

751 

4 

0 

861 

0 

1 11 

971 


1 

761 

10 

i 0 

871 

3 

5 

981 


0 

771 

8 

0 

8Sl 

1 


991 


0 

781 

10 

2 

891 

0 

5 

1001 


1 

791 

6 

2 

i 901 

1 

7 




801 

6 

2 

911 


5 











100 

100 



Female 

Male 

Difference 

X 

Mean and P E (mms ) 

S D and P E (rams ) 

C V and P E (per cent) 

1 

798 2 ±2 77 

41 1 ± 2 47 

1 5 1 ± 0 25 

880 0 ±3 64 

63 9 4- 2 57 

61 ± 029 

- 81 8 ± 4 57 

— 12 8 ± 3 68 

__ 1 0 ± 0 38 

90 7 
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Mean and P E (mms ) 

S D and P E (mms ) 

C V and P E (per cent) 



Female j Male Difference X 


402 4 ± 1 78 

446 1 ± 166 

1 

- 42 7 ± 243 


26 4 ± 1 26 

24 7 ± 1 18 

+ 1 8 ± 2 18 

90 4 

66 ± 031 

6 6 ± 0 27 

+ 1 0 ± 1 03 



Table CXXW 


Upper arm x 100 
Length of ihxgh 
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Tadll CXXV 


]\Ior})nV7)i (/Dth of ihfjJi {males mhj) 


Cln«s 

ii\m^ 

/. 

Mall 

ClftSH 

Z 

Male 

CInss 

inins 

Z 

Male 

Clns*? 
in ms 

Z 

Male 

JOO— 91 9 

1 

1 

no 

1 

100 

5 

510 

2 

!9-, 

1 

115 

1 

405 

2 

645 

2 

100 

I 

150 

7 

600 

1 

550 

0 

105 

G 

455 

4 

505 

4 

555 

1 

410 

0 

ICO 

7 

510 

3 

5G0 

0 

415 

5 

4G5 

5 

515 

O 

5G5 

0 

420 i 

4 

470 

5 

520 

2 

670 

0 

425 

1 

475 

5 

525 

1 

575 

1 

430 

1 

480 

5 

530 

0 

1 


135 

2 

485 

! 4 

535 

0 


95 


JIcnn and P E (nuns ) 

S D and P E (nuns ) 

C V and P E (per cent) 


4C0 5 ±3 01 
39 6 ± 1 94 
S4 ± 0 43 


Table CXXVI 

Oirth of thigh greatest X 100 , , , . 

Zengtho fU Tu h 


Class 
per cent 

Z 

Male 

Class 
per cent 

Z 

Male 

Class 
per cent 

Z 

Male 

Class 
per cent 

Z 

Male 

80—84 9 

2 

95 

11 

110 

10 

125 

i 2 

85 

10 

100 

29 

116 

6 

130 

2 

90 

✓ 

11 

105 

11 

120 

1 


95 


Jlean 
S D 
C V a 


Mean and P E 
S D and P E 
C V and P E 


102 7 ±0 72 
104 ± 061 
10 1 ± 0 60 
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Guilt of thigh, middle 





640 1 

100 96 

Difference X 

+ 81 3 ± 3 68 


Mean and P E (mms ) 

S D and P E (mms ) 

C V and P E (per cent) 


628 7 ±2 70 
39 9 ± 1 91 
7 6 ± 0 36 


447 4 ±2 50 
36 4 ± 1 77 
8 1 ± 0 40 


± 3 6 ± 2 60 
— 06 ± 054 


1181 
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Tahli: CXXVIII 


Guth of ihqh, Ica^f 



z 

Jlalc 

Clnss 

mms 

Z 

Pcmale 

6 

431 

1 

5 

2 

2 

m 

0 

0 

0 

1 

4-)l 

0 

1 

466 

0 


461 

0 


466 

0 


471 

0 


476 

0 


481 

0 


486 

0 


491 

0 


496 

1 


100 


Mean and P E (mms ) 

S D and P E (mms ) 

0 V and P E (per cent) 


337 ±2 26 

33 5 ±160 
9 9 ± 0 47 


329 8 ± 160 
21 8 ± 1 06 
66 ± 033 


Difference 


± 72 ± 271 
± 11 3 ± 1 92 
± 33 ± 058 







Table CXXIX 


Height, Sphenon 



36 — 40 9 (, 

41 

46 

61 

66 


z 

Eemale 

Z 

Male 

Class 

mms 

Z 

Female 

2 


61 

17 

2 


66 

12 

, 10 

1 

71 

12 

\ 

1 

76 


\ 27 

8 

81 




Mean and P E (mms ) 

S D and P E (mms ) 

C V and P B (per cent) 



69 6 ± 0 59 
88 ± 042 
14 8 ± 0 72 
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Tiowtr leg \ 100 
Thi^i, 


Clnss 7j 

per cent I'cmnlc 


C2— 63 0 
64 
66 
68 
70 
72 
74 
76 


6 

5 

8 


Mean and P E 
S D and P E 
C V and P E 


z 

Class 

Z 


Z 

Class 

Z 

z 

Jlnlc 

per cent 

Female 

Male 

per cent 

Female 

Male 

1 

78 

12 

16 


94 

3 

0 

0 


12 

14 


96 

0 

1 

0 

82 

17 




98 

0 

0 

0 

84 

13 

21 


1 

0 

0 

86 

6 


6 

■ ^1 

0 

0 

4 

88 

9 


4 


1 

1 

7 


4 


3 





7 

92 

3 














100 

99 


Female 

Male 


X 


83 2 ± 041 

82 ±0 36 

± 1 2 ± 0 65 



6 1 ± 0 29 

64 ± 0 26 

± 07 ± 039 

101 6 


7 3 ± 0 35 

6 5 ± 0 31 

± 08 ± 047 



Table CXXXI 


upper arm + Forearm X 100 
Length of thigh + Length of loner leg 


Class 

z 

Z 

Class 

Z 

Z 

Class 

Z 

z 

per cent 

Female 

Male 

per cent 

Female 

Male 

per cent 

Female 

Male 

56—56 9 

1 


65 

13 

6 

74 



67 ' 

0 


66 

14 

17 

75 



68 

1 


67 

13 

17 

76 


0 

69 

1 


68 

16 

17 

77 


1 

60 

1 

1 

69 

12 

17 

78 


1 

61 

1 

0 

70 

3 

7 

79 


1 

62 

1 


71 

2 

2 

80 


0 

63 

7 


72 

1 

2 

81 


1 

64 

13 


73 


1 






■ 



1 

1 

100 1 

99 


1 

Female 

Male 

Mean and P F 

S D and P E 

C V and P E 

66 6 ± 018 
44 ± 013 

4 0 ± 019 

683 ± 0 21 

3 1 ± 0 15 

4 6 ± 0 22 


Difierenoe 

X 

— 1 7 ± 0 28 


± 1 3 ± 0 22 

97 5 

— 06 ± 029 
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Table CXXXII 


Forearm y JOO 
Length of loner Irq 



Z 

7. 

Cla'-s 

7 


7 

1 

Class 

Z 

z 

|)or cent i 

i 

I'ctnalo 

Male 

])cr cent 

I'einaJc 

j\In!e 

j)er cent 

I'cmale 

Male 

IS— )0 0 

1 


Gl 

7 

17 


80 


0 

50 

0 


GG 

17 

28 


82 


0 

52 

0 

1 

OS 

10 

IG 


84 

1 ; 

0 

51 


0 

70 

' 11 

9 


86 

! 1 

0 

50 

A 

i 1 

12 



3 


SS 


0 

5S 

G 

3 

71 



1 


90 


1 

GO 

I 20 

G 

7G 



1 




1 

02 

21 

12 

78 



1 






1 








100 

100 


I'cmnlc 

iMale 

Billcrence 

X 

Mean and P E 


G4 0 ± 0 29 1 

1 1 

! CC7 ± 031 

- 27 ± 043 


S D and P E 


4 J 4- ' 

0 21 

4 6 J: 0 22 

~ 03 i 030 

96 

C V and P E 


G7 ± 032 

GO ± 0 33 

- 02 ± 046 



Table CXXXIII 


Gnllt of calf 


Class 

mms 

7 

Female 

Z 

Male 

Class 

mms 

Z 

Female 

Z 

Male 

Class 

mms 

Z 

Female 




l-L 





256— 2G0 9 

1 


< 6 

8 

9 

356 

2 

261 

1 


\"1 

6 

14 

361 

1 

266 


1 

316 

9 

14 

366 

0 

271 


2 

321 

4 


371 

1 

276 


1 

326 

6 


376 

0 

281 


0 

331 

5 


381 

0 

286 


4 

336 

1 


386 

0 

291 


5 

341 

6 

8 

391 

1 

296 

4 

6 

346 

1 




301 


4 

361 

3 











100 




Female 

Male 

Difference 

X 

Mean and P E (mms ) 

309 8 dr 17d 

1 

f 316 3 ± 0 69 

i - 6 6 d: 1 86 


S D and P E (mms ) 

25 6 ± 122 

10 1 ± 0 49 

' 4- 15 6 dr 1 32 

97 8 

0 V and P E (pir cent) 

81 dr 0 39 

3 2 dr 0 15 

4- 4 9 dr 0 42 
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Oirth of calf X 100 
Length of lower leg 


Class 

Z 

Z 

Class 

Z 


z 

Class 

Z 

Z 

per cent 

Female 

Male 

per cent 

Female 

Male 

per cent 

Female 

Male 

70—71 9 

2 

3 

86 

10 


11 


102 

3 

2 

72 

0 

1 

88 

8 




104 

3 


74 

0 

10 

90 

11 


5 


106 

3 


76 

1 

3 

92 

12 


3 


108 

0 


78 

6 

S 

94 

10 


0 



0 


SO 

7 

9 

96 

2 


2 


112 

1 


82 

9 

10 

98 

2 


1 


114 

1 


84 

6 

13 

100 

4 


1 













100 

97 


I'cmalc 

Male 

Difference 

X 

Mean and P E 


90 0 ± 0 56 

84 0 ± 0 48 

± 6 

±0 74 


S D and P E 


8 4 ± 0 40 

7 1 ± 0 34 

± 1 3 ± 0 53 

107 

C V and P E 


92 ± 044 

8 4 ± 0 41 

± 0 9 ± 0 60 



Table CXXXV 


Oirth of calf yi 100 
Maximum girth of thigh 


{males only) 


Class 
per cent 

Z 

Male 

\ 

Class 
per cent 


Class 
per cent 

Z 

Male 

Class 
per cent 

Z 

Male 

56—57 9 

1 

62 

10 

68 

22 

74 

4 

58 

1 

64 

17 


9 

76 

0 


4 

66 

18 

72 

6 

78 

i 






1 

1 

95 

1 


Mean and P E 
S D and P E 
0 V and P E 


67 7 ±0 28 
4 ±0 20 

59 ± 029 
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Tahll CXXXVI 


Gi)lh of anile, least 


1 

Z 

1 1 itinlp 

Z 

Male 

Cln*'H 

innw 

i 

i 

Z 

1 cinnlc 

n 

Male 

Class 

mms 

Z 

Female 

Z 

Male 

]f>l— lf>)!) 


1 

201 

! 

11 

10 

i 

241 


0 

IbG 

o 

1 

200 

.1 

11 

246 


0 

]71 

9 

1 

211 

r> 

1 

251 


0 

170 


n 

210 

1 

2 

250 


0 

ISl 


7 

221 

0 

1 2 

201 


1 

ISO 


11 

220 

1 

0 




191 


12 

2U 

1 

1 




100 

17 

IS 

2.10 

1 

2 


100 

98 



Female 

Jlalc 

Difi’crcncc 

Mean and P E (in ms ) 

191 7 ± 0 91 

I0S4 i 1 

- 07 ± 135 

S E and P E (mms ) 

195 ± 064 

14 7 ± 0 70 

- 1 2 ± 0 05 

C V and P E (per cent) 

7 0 ± 0 34 

7 4^0 36 

- 0 4 i: 0 49 


Table CXXXVII 


Girth of anJIe X 100 
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Length o f entire arm with hand x 100 
Entire leg 


Class 
per cent 

Z 

^ Female 

Z 

Male 

Class 
per cent 

Z 

I'cmale 

Z 

Male 

Class 
per cent 

Z 

Female 

71—71 9 

1 

■ 

78 

2 

6 

86 

7 

72 

0 


79 

6 

o 

86 

6 

73 

0 


80 

9 

7 

87 


74 

1 


81 

12 

8 

88 


75 

0 


82 

12 

14 

89 


76 

0 


83 

12 

19 



77 

4 


84 

17 

16 





■ 





100 



Female 

Male 

Difference 

Mean and P E 

83 1 ± 0 21 

833 ± 017 

- 0 23 ± 0 27 

S D and P E 

3 1 ± 0 15 

26 ± 0 12 

±06 ±019 

C V and P E 

38 ± 018 

3 1 ± 0 15 

±07 ±0 23 


X 


99 7 


Table CXXIX 
Length of fool 


Class 

mms 

Z 

Female 

Z 

Male 

Class 

rams 

Z 

Female 

Z 

Male 

Class 

mms 

Z 

Female 

201—205 9 

1 


231 

20 

7 

261 


206 

3 


236 

8 

11 

266 


211 

8 


241 

6 

19 

271 


216 

17 


246 

2 

11 

276 


221 

16 


251 


13 



226 


2 

256 


14 










100 


z 

Male 


11 

7 

1 

3 


99 


Female 


Male 


Difference 


Mean and P E (mms ) 

S D and P E (mins ) 

C V and P E (per cent) 


2261 ±0 63 
94 ± 045 
4 1 ± 0 20 


250 3 ±0 82 
12 2 ± 0 68 
4 8 ± 0 23 


— 24 3 ± 1 09 

— 28 ± 073 

— 0 7 ± 0 36 


X 


901 
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Tabw- CXL 



1 ' _L 

Female 

Male 

Difference 

X 

Mean and I* E j 

1 

GG4 ± 026 

38 ± 018 

G7 0 i 0 25 

30 ± 017 

_ 0 6 ± 0 36 
+ 02 ± 025 

99 

S H and P E 

C V and P E 

57 ± 027 

5 1 ± 0 26 

+ 0 3 i 0 33 



Table CXLT 


Bicadth of foot 


Class 

mms. 

Z 

Female 

Z 

JIalo 

Class 

mms 

Z 

Female 

Z 

Male 

Class 

mms 

Z 

Female 

Z 

Alale 

71—75 9 

76 

81 

1 

21 

40 

8 

86 

91 

96 

27 

6 

18 

46 

20 

101 

106 

1 

6 

1 

100 1 

99 




Female 

Male 

Dificrence 

X 

Mean and P E (mms ) 

S D andP E (mms) 

■' C V and P E (per cent) 

83 2 ± 0 27 

39 ± 019 

4 7 ih 0 24 

92 2 4- 0 37 

5 4 ± 0 26 

5 9 ± 0 28 

_ 9 ±0 45 

_ 15 ± 032 

— 1 1 ± 0 37 

90 2 
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Fool breadth X 100 
h oot length 


Class Z Z Class Z Z Class 2 ^ 

per L^nt 1' cmalc Male per cent Female Alalo per cent Female Male 



Mean and P E 
S D and P E 
C V and P E 


40 ± 0 22 


67±0 27 -10+0 11 


Table CXLIII 


Bicondylar diameter at elbow 


Class 

1 

Z 

I 

Z 

Class 

z 

Z 

Class 

z 

Z 

mms 

Female 

Male 

mms 

Female 

1 

Male 

mms 

Female 

Male 


40—50 9 8 66 40 14 66 26 

51 51 1 61 1 56 71 2 


j 100 99 

Female Male Difference X 

Mean and P E (mms ) 54 2 ± 0 19 63 2 ± 0 20 — 9 + 0 28 

S D and P E (mms ) 28 + 0 15 29 + 0 14 -01 + 0 23 85 6 

C V and P E (per cent) 52 + 0 25 4 6 + 0 22 + 06 + 0 34 
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Inflnopomctnc Mcasu'icmcnts m Bombay 


Tahli: CXLIV 

Bi'^tyloid (hamclcr at urist 


chx<s ; 
iniD^' 1 

/. 

I emnlp 

i 

/ 

Male 

mm** 

z 

1 piimle 

Z 

Male 

1 

1 

ClasH 

mtu^ 

Z 

Female 

z 

ilalc 

, 11 — r, 0 

1 

1 

1 


n 

7t 

■ 

1 

51 

1 

25 

ir, 

n 

1 

JO 

11 


50 


3 






■ 


100 

1 

99 



Female 

Male 

Difference 

Alcan and P E (mms ) 

(2 4 ± 017 

48 5 ±0 22 

- G1 ± 027 

S D and P E (mms ) 

25 ± 0 12 

12 ± 015 

- 07 ± 010 

C V anil P E (per cent) 

5S ± 0 2S 

GO ± 012 

- 08 ± 042 


Table CXLV 


Bicondylai diametei at hice 


CIas9 1 
mms ' 

1 

Z 

Female 

Z 

lilalo 

Class 

mms 

Z 

Female 

Z 

Male 

Class 

mms 

Z 

Female 

Z 

Male 

66—70 9 

1 

1 


81 

36 

25 

1 

1 

96 

1 

1 

71 

8 


86 

; 14 

47 



1 

76 

39 

1 

6 

91 

1 

20 


100 

99 


Mean and P E (mms ) 

S D and P E (mms ) 

C V and P E (per cent) 

\ 


Female 

Ma(e 

1 

Difference 

X 

80 6 ± 0 31 

1 

1 

86 8 ± 027 

— 6 2 ± 0 10 1 


46 ± 022 

4 ± 0 19 

+ 06 ± 029 

92 8 

57 ± 027 

4 6 ± 0 22 

+ 1 1 ± 0 15 

1 
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Table CXLVI 
Bimalleolar dmmetei, anUe 


Class 

mins 

Z 

Female 

Z 

Male 

1 

Class 

mms 

Z 

[ Female 

Z 

Male 

Class 

mms 

Z 

Female i 

z 

Male 

56— CO 9 

32 

o 

GO 

6 

54 

70 


2 

61 

01 

13 

71 

1 

23 


100 

1 

99 


Mean and P E (mms ) 

S D and P E (mms ) 

C V and P E (per cent) 


Female 


Cl 3 ± 0 18 
2 7 ± 0 13 
45 ± 021 


Male 


68 3 ± 0 24 
35 ± 0 17 
6 1 ± 0 24 


Difference 


- 7 ±0 30 

- 07 ± 021 

- 06 ± 032 


89 6 


(b) Summary aud discussions op the appendicular measurements 
Measurements of the male group 

Length of arm stretch is found to be 1734 3 mm (Table C) Arm stretch to 
total height relation is 104 4 per cent (Table Cl) Height radial is 1035 mm 
(Table CII) Girth of upper arm is 270 9 mm (Table CHI) and its relation to the 
length of the upper arm is 85 4 per cent (Table CIV) Girth across contracted 
biceps IS 268 3 mm (Table CV), lesser than the greatest girth of the aim Height 
Styhon is 783 5 mm (Table CVI), and the relation of lower arm to the upper arm 
is 76 9 per cent (Table CVII) Greatest girth of the forearm is 239 6 mm (Table 
CVIII), while the relation of the girth to the length of forearm is 96 5 per cent 
(Table CIX), and that of the girth of forearm to the girth of the upper arm is 88 9 
per cent (Table CX) Height Dactyhon is 597 6 mm (Table CXI) Length of total 
arm mmus hand, to total height is 34 2 per cent (Table CXII) and upper arm length 
to total length of the arm is 42 2 per cent (Table CXIII), and lower arm length to 
the total arm IS 33 3 per cent (Table CXIV) Girth of the wnst is 156 8 mm 
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(Tnble CXV) and jI is 57 1 j)ci cent of tlic of the upper arm (Tabic CXVI) 
and f)5 2 per cent of the pirth of iho forcnnn (Table CXYII) Length of the hand 
IS 180 0 inni (Table GXVJJI), and is 72 0 pei cent of tlic forearm length (Table 
CXIX) Hand bicadth 78 ] mm (Table CXX) is 43 G per cent of the hand length 
(Table CXXI) 

Ifcight Trochantciian is 8S0 mm (Table CXXII) Height Tibiale is 445 1 mm 
(Table CXXIII) Upjici aim is 09 4 pei cent of the length of the thigh 
(Table CXXIV) JlaMnnim girth of thigh is 4G9 5 mm (Table CXXV) and is 
102 7 per cent of the length of the thigh (Table CXXYI) Girth in the middle of 
thigh IS 447 4 mm (Table CXXYII) Least girth of the thigh is 329 8 mm 
(Table CXXYIII) Spherion height is G9 G mm (Table CXXIX) LoMerlegis82 
per cent of the thigh (Tabic CXXX) Total arm u ithoiit hand is 68 3 per cent of 
the total leg without foot (Table CXXXI) Forearm is GG 7 per cent of the lovrer 
leg (Table CXXXII) Girth of calf is 31G 3 mm (Table CXXXIII), and is 84 6 
per cent of the length of the loner leg (Table CXXXIY) and G7 7 per cent of the 
maximum girth of the thigh (Table CXXXY) Girth at ankle is 198 4 mm 
(Table CXXXYI) ■which is 63 per cent of the girth of calf (Table CXXXYII) 
Entire <arm is 83 3 per cent of the entire leg (Table CXXXYIII) Length of the 
foot IS 250 3 mm (Table CXXXIX), uhich is 67 per cent of the loiver leg (Table 
CXL) Foot breadth 92 2 mm (Table CXLI) is 37 3 per cent of the foot length 
(Table CXLII) Bicondylar diameter at elbow is 63 2 mm (Table CXLIII) 
Bistyloid at wrist is 48 5 mm (Table CXLIY), bicondylar at knee is 86 8 mm 
(Table CXLV), and bimalleolar at ankle is 68 3 mm (Table CXLYI) 

The least coefficient of variation 3 17 per cent is about the girth of calf (Table 
CXXXIII), the greatest variation 10 5 per cent being about the height Spherion 
(Table CXXIX) in case of averages of measurements 

In indices, the least variation 2 31 per cent is about arm stretch total stature 
index (Table Cl) and the greatest 10 14 per cent about the girth length index of 
thigh (Table CXXVII) 

In the absence of any suitable material no comparisons could be made as regards 
the above results 


Measwemenis of the female gioup 

The arm stretch is 1553 4 mm (Table C) The American women have 1621-1647 
mm Arm stretch is 102 2 per cent of the total height (Table Cl) and the Americans’ 
IS 99 4 per cent Height radial is 944 2 mm (Table Oil), while Americans’ is 1024 
and 1035 mm , accordmg to two different studies Greatest girth of the upper arm 
IS 245 2 mm (Table CIII), while Americans have 240 4 mm Girth of the upper 
arm is 87 2 per cent of its length (Table CIV) Girth across joontracted biceps is 
246 9 mm (Table CY) which is greater by a milbmetre than "the greatest girth 
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Heiglit Stylion is 725 5 mm (Table CYl), wliile Americans’ is 800 65 mm Lower 
arm is 77 6 per cent of tlie upper arm (Table CVII), while Ajnericans’ index is 76 3 
and 75 7 per cent m tivo studies Greatest girth of the forearm is 215 mm (Table 
CVIII), while Americans’ is 229 35 mm Girth of the forearm is 98 8 per cent of 
its length (Table CIX) Girth of the forearm is 87 8 per cent of that of the upper 
arm (Table CX) Height Dactylion is 550 7 mm (Table CXI), nliile the Americans 
have 616 7 and 613 8 mm Total arm minus hand is 33 3 per cent of the total 
stature (Table CXIl) nhile Americans’ is 31 35 and 32 78 per cent Upper arm is 
41 9 per cent of the total arm iiith hand (Table CXIII) American figure is 56 74 
per cent m one group (?) and 41 6 pe? cent in another group Lower arm is 32 47 
per cent of the total arm with hand (Table CXIV), and Americans have 43 13 (?) 
and 31 13 per cent m two groups Our wrist girth is 139 9 mm (Table CXV), and is 
57 6 per cent of the girth of the upper arm (Table CXVI), and 65 4 per cent of the 
girth of the forearm (Table CX) Hand length is 168 2 mm (Table CXVIII), while 
the studies m America give 187 4, 177 6 and 186 4 mm as their lengths Hand 
length IS 76 9 per cent of the forearm (Table CXIX) Hand breadth is 70 4 mm 
(Table CXX), and is 42 1 per cent of its length (Table CXXI) American hand 
breadth is 79 83 and 79 4 mm m two studies, and band mdex is 42 47 and 42 89 
per cent Height Trochanterian is 798 2 mm (Table CXXII) Height Tibiale 
IS 402 4 mm (Table CXXIII) Girth in the middle of the thigh is 528 7 mm 
(Table CXXVII) Least girth of thigh is 336 9 mm (Table CXXVIII) Spherion 
height 69 55 (Table CXXIX) American mternal malleolar height is 77 66 and 
78 69 mm m tno groups Lower leg is 83 2 per cent of the thigh (Table CXXX) 
Total arm mmus hand is 66 6 per cent of the total leg minus height Spherion (Table 
CXXXI) Length of the forearm is 64 per cent of the length of the lower leg 
(Table CXXXII) Calf girth is 309 8 mm (Table CXXX) and is 90 6 per cent 
of the leg length (Table CXXXIV) American caU girth is 336 4 and 322 8 mm 
in two studies Girth of ankle is 191 6 mm (Table CXXXVI) which is 62 per cent 
of the girth of the caH (Table CXXXYII) American ankle girth is 208 5 and 197 8 
mm m two studies Length of the total arm is 83 per cent of the total leg (Table 
CXXXVIII) Length of the foot is 226 mm (Table CXXXIX) and is 66 4 
per cent of the length of the lower leg (Table CXL) American foot length is 
236 8, 240 7 and 236 4 mm m three studies Breadth of foot is 83 2 mm (Table 
CXLI), and is 36 9 per cent of the length (Table CXLII) American foot breadth 
IS 83 17 mm and is 34 81 and 36 62 per cent of the length m two different studies 
Bicondylar diameter at elbow is 64 2 mm (Table CXLIII) bistyloid at wrist 42 4 
mm (Table CXLIV), bicondylar at knee 80 5 mm (Table CXLV), and bunalleolaf 
at ankle 61 3 mm (Table CXLVI) 

The least variation of subjects about the mean is 3 85 per cent and it is m case 
of arm stretch (Table C) The greatest variation 14 8 per cent (Table CXXIX) 
IS about the height Spherion ' 
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In indices, Hie least; ^armtlon, 2 3G per cent, is about the arm stretch total 
stature index (Table Cl) The greatest, 121 per cent, is about the girth length 
index of the upper aim (Table CIV) 

Cowpuiuso?) of male awl Jemale stavdards (Fig 3) 

Height Sphenon and Bicoiuhlnr diameter at elbou of the female group are 
85 per cent of those of tlie male group (Tables CXXIX and CXLIII) Bistyloid 
diameter at knee of the female is 87 per cent of the male one (Table CXLIV) 
Standards of arm stretch, greatest girth of forearm, least girth at WTist, and 
bimallcolar diameter at ankle of the ladies are 89 per cent each of the same of the 
men (Tables C, CVIII, CXV and CXIiVI) Greatest girth of the upper aim, 
hand breadth, trochanteric height, tibiale height, foot length, and foot breadth 
happen to be 90 per cent of the male standards (Tables GUI, CXX, CXXII, 
CXXIII, CXXXIX and CXLI) Radial height and girth across contracted biceps 
of the ladies are found to be 91 per cent of the male standards (Tables CII and CV) 
Height Styhon, height Dactylion, and Bicondylar diameter at knee are 92 per cent 
of the same of the men (Tables CVI, CXI and CXLV) Hand length is 93 per cent 
(Table CX^HII) Girth of ankle is 96 per cent (Table CXXXYI) girth of calf 97 
per cent (Table CXXXIII), least giith of thigh 102 per cent (Table CXXVIII) 
and girth of the middle of the thigh 118 per cent of the male standards 
(Table CXXVII) 

Hand and forearm length indices are 96 per cent of the male ones 
(Tables CXXI and CXXXII) Total arm minus hand to total height, lower aim 
to total hand, total arm mmus hand to total leg minus Sphenon indices are 97 per 
cent (Tables CXII, CXIV and CXXXI) Arm stretch to total height, foreaim 
girth to upper arm girth, and girth at ankle to that of calf mdices are 98 per cent 
(Tables Cl, CX and CXXXVII) Upper arm to total arm, girth of wrist to guth 
of upper arm, upper arm length to thigh length, entire arm to entire leg, foot 
length to lower leg and foot breadth to length mdices are 99 per cent of the same of 
the male group (Tables CXIIT, CXVI, CXXIV, CXXXVIII, CXL and CXLII) 
Lower to upper arm and wrist girth to forearm girth indices are the same as men s 
(Tables CVII and CXVII) Lower leg to thigh index is 101 per cent (Table Cl). 
Girth length index of upper arm is 102 per cent (Table CIV) Girth length index 
of forearm is 104 per cent (Table CIX) Hand length to forearm index is 106 per 
cent (Table CXIX), and girth length index of lower leg is 107 per cent of the male 
one (Table CXXXIV) 

Aggregate average of the appendicular measurements of the female is 92 54 
per cent of the male appendages 

Aggregate average of appendicular mdices is 100 per cent of the male 
mdices 
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Comparison of appendicular study of males and females 

A graph showing the comparison of tho standards of appendicular measurements and mdiocs The standards of the femal 
measurements and radices have been reduced to the percentage of tho male standards Thus all male standards represent tho line 100 
Tho numbered dote along tho broken lino indicate tho table numbers of measurements of female group, and those alon<y the unbroken 
line indicate radices of the same Tho numbers refer to table numbere 
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111 Ht Dactelion 
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Tot arm — hand 
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Forearm girth 
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AnlhojmmcUic Mcasmemcnts m Bwiibay 

Study of Skin, Eyes and Hair. 

Taiile CXLVII 
HI in 


Colour 

I emalc 

Male 

Colour 

Female 

j 

Male 

1 

Brow n 

50 

1 

59 

Fair broun 

4 

5 

Jlctlinin l)ro\\ n 

10 

10 

Brow nish 


2 

Light broM n 

0 


Blackish brown 


1 

Darh brou n j 

o 

C 

White 

1 9 

1 

1 

Black broun 

2 


Unrecorded 


1 

Palo brou n 

c 

9 




Wlnlisb bro\ni 

o 

1 


100 

100 



. 





Table CXLVIll 
Eyes 


Colour 

Female 

Male 

Colour 

Female 

Male 

Brown 

31 

47 

Brownish black 


12 

Dark brown 

42 

24 i 

Green 

1 


Pale brown 

2 i 


Cray ^ 

2 


Medium brown 

3 

2 

Light yellow 


1 

Light brown 

3 


Greenish brown 

1 

1 

Blackish brown 

9 

3 

Yellowish green 


1 

Yellowish brown 

2 

4 

Unrecorded 

4 

2 

Browmsh 

1 





Black 


3 


100 

100 
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Table CXLIX 
Hail 


Colour 

Female 

Male 

Colour 

Female 

Male 

Black 

84 

94 

Light broim 

1 


Brownish black 

4 

3 

Brownish 

1 

1 

Brown 

5 


Unrecorded 


1 


1 





Dark brown 

4 

1 


100 

100 


We are now engaged in studying the community of fishermen and fisherwomen 
along the coast of Bombay 


REFERENCES 


Glabk, J B 

Ethkookaphic StTEVEY OF Ikdia (1907) 

Heblicka, Ale‘3 (1920) 

Idem (1919) 

PpAEL, R (1923) 

Stbogeeda, J Ceane and Steele, M D 
(1929) 

WiLDEE, H H (1921) 


‘ Mathematical and Physical Table ’ Ohver and Boyd, 
Edmburgh, Tireedle Court 

‘ Anthropometric Data from Bombay ’ Calcutta Office 
of the Superintendent, Government Prmting, India, 
pp 340-341 

‘ Anthropometry ’ The Wilsar Institute of Anatomy 
and Biology, Philadelphia 

‘ Physical Anthropology ’ The Wilsar Institute of 
Anatomy and Biology, Philadelphia 

‘ Introduction to Medical Biometry and Statistics ’ 
W B Saunders Company, Philadelphia and London 

One Hundred Measurements and Ohservations on One 
Hundred Smith College Students Amer Jour Phys 
Anthropol , 13 , pp 189-263 

‘ A Laboratory Manual of Anthropometry ’ P Blakis 
ton & Co , Philadelphia 






200 Ai\tho]iomct)ic Measwcmcnis w Bmnhay 


A (<tblc of ‘niumartf of anilirojiomctnc data from ihe Bombay Presidency 
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a 

5J 

c 

1 

& 

KnniM ot or enstrt 

r 

•5* 

w 

O 

8} 

Ut 

o 

"i 

3 

w- 

c 

o 

(3 

r 

c: 

u 

*0. 

o 

O 

Ccplialio index 

1 

•3 

c: 

o 

>4 

O 

rs 

c 

j- 

Height from vertex to 
root of no'ie 

Height from \crtcx to 
tragua of car 

Height from vertex to 
ohm 

Cephaho volume 

1 

Klmndc>ih Blul 

100 

182 9 

182 6 

72 1 

11 1 

80 0 

918 

108 8 

117 6 

208 5 

1 

1423 

o 

Kntknn 

100 

178 8 

188 0 

71 8 

41 0 

88 7 

87 9 

911 

126 3 

2001 

1457 

3 

Iligli Cnslc Mfimthn 

100 

1810 

110 0 


52 0 

87 0 

71 1 

105 6 

1314 

216 7 

152 3 

4 

■Mnmtlm Lolitvr 

n 

180 2 

137 8 

76 4 

47 6 

35 8 

75 2 

103 6 

132 4 

214 3 

1501 

e 

Bcnc Isrnil 

CO 

181 1 

111 1 


502 

36 5 

72 7 

1016 

138 9 

220 1 

154 8 

G 

Soutliom Jnm Panolmra 

30 

188 2 

110 0 

76 9 

61 1 

39 6 

77 0 

107 4 

128 4 

217 7 

150 7 

7 

Dcshn'itlia Brahmin 

100 

186 4 

112 9 

77 0 

48 9 

38 8 

79 3 

109 4 

130 3 

219 5 

1548 

8 

Mnhar 

100 

181 G 

140 0 

77 0 ! 

1 

47 2 

88 7 

819 

104 7 

1301 

212 6 

150 6 

9 

Kokannstha Brahmin 

100 

186 4 

144 2 

77 3 

49 3 

37 8 

76 6 

109 4 

134 3 

218 2 

166 0 

10 

Kunbi 

100 

1801 

139 4 

77 4 

47 9 

37 9 

701 

100 9 

128 9 

[ 209 0 

149 5 

11 

Tarabat Kasar 

69 

1818 

140 8 

77 4 

46 7 

36 8 

80 6 

102 3 

134 7 

2113 

152 4 

12 

Koh (Son) 

100 

185 0 

143 4 

77 6 

49 6 

37 9 

76 4 

102 0 

129 2 

213 4 

1525 

13 

Nnmdev Slurapi 

100 

178 5 

139 5 

781 

461 

361 

80 0 

102 6 

135 8 

213 8 

1513 

14 

Thakur 

90 

174 0 

136 2 

78 2 

41 3 

36 6 

88 3 

105 3 

1321 

210 0 

147 4 

16 

Maratba Ghati 

100 

181 8 

1421 

78 3 

47 8 

38 2 

79 9 

103 9 

132 2 

2116 

1519 

16 

Dakshm Vanjan 

20 

178 6 

140 6 

78 7 

47 3 

37 6 

70 4 

107 6 

1214 

2131 

146 9 

17 

Vmdn 

12 

179 9 

142 0 

78 9 

46 6 

36 4 

78 2 

108 2 

130 6 

216 3 

150 8 

18 

Vam or Bama 

127 

183 8 

145 2 

78 9 

49 9 

37 8 

76 7 

103 8 

130 5 

213 6 

153 2 

19 

Shenvi or Sarawat Brahmin 

100 

180 3 

147 1 

79 0 

60 3 

37 6 

74 7 

103 1 

1341 

215 0 

1558 

20 

Nagar Brahmin 

100 

184 4 

1471 

79 7 

60 7 

371 

731 

107 0 

133 6 

216 6 

155 0 

21 

Prabhu 

100 

184 2 

147 2 

79 9 

601 

38 0 

76 8 

100 8 

133 2 

212 8 

1649 
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In 1927 an account was published (Hughes and Shrivastava, 1927) of certain 
observations carried out on 16 cases of cedematous nephritis admitted to the Mayo 
Hospital, Lahore, and it was concluded, inter aha, that in all except one, or possibly 
two, inflammatory changes in the kidneys were, to a greater or less extent, respon- 
sible for the conditions observed During the last few years much work has been 
done by Addis (1925, 1928) and by Van Slyke and his associates (1930) on the nature 
of Bright’s disease and on the natural evolution of the disease processes , and the 
introduction by these workers of the urea clearance test has provided a very reliable 
indicator of renal efficiency In the light of this work a further study has been 
made of the cedematous nephritis seen in the Punjab Twenty-five cases were 
investigated 

The conditions usually denoted by the term Bright’s disease are classified by 
Addis and by Van Slyke and his colleagues on the lines laid down by Volhard and 
Fahr (1914) and by Volhard (1918) These authors recogmzed three main types 
of nephropathy each with distinct clinical features and distinct primary histological 
changes In one type there is ‘ haematuria acute, intermittent or chrome, usually 
with hypertension and with nitrogen retention, frequent in the acute stage, regular 
in the advanced chrome stages ’ (Van Slyke et al , loo cit ) , m another there is a 
marked rise in blood-pressure which precedes any serious renal changes , and in 
the third there is pronounced oedema and proteinuria without hiematuria or 
increased arterial pressure The corresponding characteristic histological chamres 
aie, respectively, (1) inflammatory destruction of the glomeruli, (2) thickening and 
obliteration of the small renal arteries, and (3) degeneration of the renal tubules 

( 263 ) 
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Observations on (Edematous Nephnks. 

espccinl]^ flic com oink’d tnbnics In nny type seconder}^ changes may be found 
in the tciniinal stages at autopsy and ^^\o %nrictics of the primary change may 
co-cxisfc in the ';ainc subject c icproduce from Van SI} Ice’s paper a table giving 
in a condensed form the chief cliaracteristic features of the three types The 
s} noil} ms 111 pnrcnlhesis are those of Volhnrd and Fahr (toe at ) 

Volhard and Fahr and Addis believed that it u as possible from certain observa- 
tions during the course of Bright’s disease to deduce the general nature of the 
lesions present in the kidne} s and this belief has been supported by the ■work of 
Van SI} he and otheis (toe cU ) In the majorik of oiii cases only those examina- 
tions were done uhich were ncccssaiy for this purpose All observations were 
made in the morning while the patients ■were fasting The only functional test 
used was the iiica clearance test which was earned out according to the method of 
Mollei, McIntosh and Van Sl}ke (1928) In this method the foUo'wmg data are 
determined , quantities of urine cxcictcd dm mg t-wo successive hours, concentra- 
tion of urea in each sample of urine and concentration of urea in the blood at about 
the middle of each houily period Tlic degree of hmmaturia and cylindruria was 
roughly deteimincd by microscopic examination of the centrifuged urine The 
quantitative sediment coimt of Addis (1925) could not be done owing to the difficulty 
of getting the patients to take a dry diet for 24 hours The percentage of urmary 
protein wms estimated by Esbach’s or Aufiecht’s method in the samples of urine 
passed during the test Total daily estimations of urmaiy protein w’ere not carried 
out Blood-pressure measurements were made wuth the mercury manometer 
The plasma proteins w'cie estimated in two cases only, the method used being 
that of Hawk and Bergeim (1926) The w’orlc of Epstein (1917, 1922) and others 
has now so definitely estabhshed plasma piotein deficit as the main, if not the only, 
cause of true lenal endema that routine estimation of these proteins was not con- 
sidered necessary Starling (1895-96) showed that the plasma protems exerted 
an osmotic pressure of about 30 mm Hg and pointed out the importance of this 
pressure in balancing the tendency of the hydraulic pressure in the capillaries to 
force fluid into the tissue spaces The efiect of a reduction m plasma proteins in 
causmg oedema is therefore obvious Subsequent work has confirmed Starling s 
observations The salts of the plasma can have httle efiect in controlling drfiusion 
through the capillary walls as these salts themselves difiuse freely into the tissue 
spaces The approximate thresliold values for the occurrence of cedema have 
been shown to be a plasma albumin content of 2 5 per cent, a total plasma protem 
content of 5 5 per cent and a plasma specific gravity of 1023 Plasma globulin 
has little mfluence in the tendency to oedema formations since it exerts only about 
the osmotic pressure of plasma albumin (Govaerts, 1925 and 1926) The efiect 
of protein deficit nu^y of course be modified by other factors Thus when the 
protem content is nearVhe critical level the mtake of salt may determine the 
presence or absence of oedema, although Moore and Van Slyke (1930) have shown 
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OhsovaUons on OSdematons Nephzhs 


that entire disappearance of oedema is unusual wlien the proteins are below the 
tliicsliold Other conditions that influence the production of oedema are infections 
and fc\eis, which probnhlj act b}' increasing the permeability of the capillaries, 
and \oniiting which, by causing desiccation, may exeit an inhibitory effect Van 
Sljke c( aJ {loc cU ) found that in the early weeks of acute nephritis oedema may 
occur w hen the jilasma piotcins arc normal in amount and they consider this oedema 
to be due to increased capillary permeability brought about b}' the toxins of the 
disease The oedema in the terminal stages of haemorrhagic or arteriosclerotic 
ncphiitis may also be associated with a normal level of plasma proteins Such 
oedema is caidiac in oiigin 

Cholcstciol estimations were done by hlaycr and Wardell’s method (Mayer 
and Wardcll, 1918) in four cases The values in all were above or at the upper 
limit of noimal IT} percholestrolacmia is a rccognmed feature of the ‘nephrotic 
syndrome ’ and is therefore found m the chronic active stage of haemorrhagic 
nephiitis and in degenerative nephritis Its significance is not understood but it 
seems to be due to a tendency to mobilize lipoids into the blood stream and may 
be related to malnutrition Foi the puiposc of diagnosing the type of renal disease 
routine cholesteiol estimations are not essential The degree of anaemia also was 
not determined as a routine procedure Although reduction of haemoglobin is of 
frequent occurrence, especially in the haemorrhagic and degenerative types, as a 
result of damage to the bone-marrow', it is not of diagnostic importance It does, 
however, influence the prognosis 

The principles underlying the urea clearance test and the other observations 
on which diagnoses were based may be briefly set forth The urea clearance indicates 
the hypothetical quantity of blood which would have to be completely cleared of 
its urea m one minute to supply the amount of urea excreted m that time by the 
kidneys Austin, Stillman and Van Slyke (1921) show^ed that when in normal 
subjects the urinary volume is above 2 c c per minute (called the ‘ augmentation 

limit ’), the clearance is independent of the volume and is calculated as -g- where 

U is the concentration of urea in the urme, B is the concentration of urea in the 
blood and V is the volume of the urine excreted m one minute This is called the 
maximal clearance and averages 75 c c per minute for normal adults Vhen, 
however, the volume of urine is less than 2 c c per minute the rate of urea excretion 
falls with diminishing volume on an average in proportion to tlie square root of the 
volume The clearance under these circumstances is estimated for a standard 

urme output of 1 c c per minute, the formula used being j/V'*= This is 
known as the standard clearance and has an average value of 64 c c for normal 


* For the develoj^nient of this formula see Peters and Van Slyho (1931), page 346 
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adults Moller, Mclntosli and Van Sljke (Zoc ctt ) found that the same percentages 
of avenge normal function are given by both clearances so that either formula can be 
used, depending on the minute output of urine From a comparison of post-mortem 
findings V itli terminal cleaiancc values Van Slyke et al {loc cit ) formed the opinion 
that ‘ in haimorrhagic and degcneiative nephritis one may interpret the blood urea 
clearance as a measure of the pioportion of glomerular tissue functioning ’ and 
‘ that it appears probable that in arteiiosclerotic nephritis the fall in blood urea 
cleaiance is propoitional to the decrease m renal blood flow rather than to the 
glomerular destruction’ The urea clearance test was found by Van Slyke, 
McIntosh, hlollei, Hannon and Johnston (1930) to be much a more sensitive 
indicator of renal efficiencj’^ than the blood urea (considered apart from urea 
exeretion), the blood creatinine or the excretion of phenolsulphonephthalein In 
a large proportion of cases showing normal values for all these the urea clearance 
indicated only 40 per cent or less of normal renal function The clearance test is 
also much more sensitive than the urea concentration test which neglects the blood 
urea altogether In all the cases exammed by us except one (No 13) the urine 
volumes were below 2 c c per minute 

The importance of hiematuria m differentiating the hsemorrhagic type of 
nephritis from the degenerative and arteriosclerotic types has been emphasized by 
Addis {loc ctl ) and by Van Slyke et al {loc ett ) In acute hoemorrhagic nephritis 
blood is usually present m the urine in macroscopic amounts but m the chrome 
stages of the disease microscopic examination after centrifuging is essential Addis 
puts his patients on a dry diet for 24 hours, centrifuges the concentrated urine 
secreted during the last 12 hours of this period and counts the red cells and casts in 
the sediment Normal urine contains from 0 to 425,000 red cells m such a 12 hours 
output As already mentioned it was not feasible to carry out this procedure in 
the case of our patients but the results obtained in the ordinary way were found 
to be of value Van Slyke et al {loc cit ) point out that during the latent 
and chronic active stages of haemorrhagic nephritis the urine may be free from 
red blood cells 

The degree of proteinuria is to some extent an indication of the plasma protein 
deficit although other factors, notably malnutrition, play a part m causing 
hypoprotemsemia A hea\y proteinuria and maiked reduction of the plasma 
proteins are almost constantly associated with degenerative disease of the kidneys 
whether haemorrhagic or not A reduction in the urinary protein usually occurs as 
the disease passes into the terminal stage and this may be aceompamed by a rise 
in blood-pressure A high blood-pressure with a trace of protein in the urine is 
the usual finding in arteriosclerotic cases 

Arterial hypertension in renal disease is found m both the arteriosclerotic and 
haemorrhagic forms In the former it precedes any serious renal lesions while m 
the latter it is the result of the renal disease In the haemorrhagic disease it is 
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most usunlh found in the active staf;es (acute and chronic) and m the terminal 
stage although main cases ncvei hn\c a use of hlood-picssure at all Alow 
piessuie in the tciminal stage does not imjnove the piognosis A fall in blood- 
pressure IS sometimes seen at tlie \ci} end in cases that have had hypertension 
and piobabl} indicates failuic of tlic heart muscle Six of our cases showed a 
blood-pressinc level abore noimal Of these 4 ueic adjudged to he primarilv 
aitenoscleiotie in tjpc and 2 primarily hamioiihagic 

Detailed accounts of the 3 \aiietios of lenal disease arc given by Van 
Slj'kc c/ al [he cU ) and by Peteis and Van Sl}]ce (1931) and the description 
which follows IS based on those accounts The course of haemorrhagic nephritis 
with acute onset is lepicsentcd in the diagiam adapted b) the former authors 
from Addis (1925) — 



The more usual changes arc repiesented by the arrows with unbroken shafts 
As already mentioned, endema may occur in the acute stage without any diminution 
im the plasma proteins and is then probably of toxic origin The dimmution of 
renal efficiency during the first tw'o montlis does not seem to aflect the prognosis 
but if a low urea clearance does not show signs of returning steadily to normal 
within 4 months from the onset the outlook is unfavourable The degree of 
hsematuria, of proteinuria and of hypertension attained during the acute stage 
are apparently not related to the piognosis but a low level of the plasma albumin 
IS some indication of the ultimate outcome of the disease The piognosis is better 
when the plasma albumin is above 2 2 per cent and the total protein above 5 5 
per cent In the latent stage the subjective symptoms and functional disturbances 
practically disappear There may be slight hmmaturia, a small degree of proteinuria 
or some reduction in the uiea clearance Sometimes a small deficit in the plasma 
albumin persists oi the blood-pressure may be somewhat above normal In 
certain cases the remission is so complete and occurs so quickly that cure may be 
said to have taken place, but others remain latent for years and eventually end in 
uraemia The iffironic active stage resembles the degenerative type of the disease 
in presenting the ‘ nephrotic sjmdrome ’ but there is a greater degree of hmmaturia, 
impaired renal function and often a definite history of an acute attack Some 



T A Hughes and K S MahJc 


269 


cases piogress so rapidly tliat tlia)’- may be said to pass directly from tbe acute to 
the terminal stage but m general the chronic active stage lasts from 6 months to 2 
vears A\Tieii red blood eells are present m onl)’^ small numbers in the urine or are 
completely absent, as thej may be, duimg this stage its differentiation from 
degenerative nephritis may be verj’- difficult The urea clearance test is not always 
of value, as renal function may be considciably diminished in the latter stages of 
pure ‘ nephrosis ’ If li} pertension is present it indicates the hasmorrhagic type 
of disease The terminal stage of luemorihagic nephritis is considered by Van 
Slyke el al to be reached nlien the urea clearance has fallen to 20 per cent of 
normal This stage usually lasts about one jmar The ‘ nephrotic syndrome ’ 
may persist unchanged to the end but it often gets less and may almost 
disappear Under the latter circumstances the patient may actually feel better 
for a time In many cases a marked rise in B P occurs and cardiac cedema 
maj set m before the end The urine always contains red blood cells in 
considerable numbers 

The characteristic pathological change in hsemorrhagic nephritis is diffuse 
disease of the glomeruli which may result m complete destruction of almost all the 
secreting umts There are inflammatory changes in the tufts resulting m increase 
in endothelial cells, leucocytic infiltration, lobulation and eventually hyaline 
necrosis Bowman’s capsule may be thickened and its limng endothelium proli- 
ferated or the tuft and capsule may become adherent The tubules, especially 
the convoluted tubules, show more or less degeneration of a hpoid nature The 
amount of anatomical shrinkage of the kidney depends on the duration of the 
disease rather than m the degree to which renal function is reduced In cases 
that pass directly from the acute to the terminal stage the kidneys are large, soft 
and pale The renal architecture is well preserved but the glomeruli present 
extensive changes "When, on the other hand, the disease has run a more or less 
chrome course there is a greater or less degree of fibrous shrmkage resulting, m 
terminal cases, m the typical ‘ small white ’ kidney In subacute cases the kidneys 
are firmer than normal with little or no shrinkage and the distinction between 
cortex and medulla is still obvious Marked degeneration of the tubules is typical 
of the chrome active stage 

Addis (1931) has recently pointed out that hsemorrhagic nephritis may start 
and progress so insidiously that the disease is not noticed by the patient until it is 
well established These cases belong to the variety sometimes called nephritis 
repens or reticular nephritis In this condition a very chrome inflammatory process 
creeps through the kidney giving rise to patchy destruction and fibrosis of the 
parenchyma In childhood and early adult life there is not much arteriosclerotic 
change but in the nephritis repens of middle age this may become so marked as 
eventually to cause cardiac failure The kidney varies in appearance accordmg 
to the duration of the disease It is sometimes much reduced m size, white or 
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rodOi^^li m colour, sc.nnecl, conr.scl-\ ^»rnmilnr or irrcgiilnrlj lobulated The cortex 
IS much loduted and Iho distinction botA\cen cortex and medulla is blurred la 
other (ases the orf'an is normal or nenih noimal m si/c ^\lf]l fine granulations or 
none at all and ^\lth good domariation bct-VNCcn medulla and cortex Micro- 
seopicalK the atTected mens sho\N grenici or less chronic inflammatory change with 
fibiosis, ccllulai infiltration and ^nsculal tlnchemng In the intervening portions 
there may be CMdcncc of glomerular h) pertrojih} and tubular degeneration 
Lipoul deposits arc usually scon 

The cliaiacters of non-brcraoirbagic degenerative Bright’s disease (the nephrosis 
of Volhard and Bahr) arc marked albuminuria, lor\ plasma albumin and conse- 
quoutl) oedema which is often massive m character, raised plasma content of fat 
and cholesterol and absence of lifcmatnria and hypertension The abihty to 
excrete urea rs usually said to be unimpaired but Van Slyke cl al {he cii ) found a 
giadual diminution ni the urea clearance in definite cases of nephrosis When this 
occurs the differentiation of pure degenerative nephritis from the chronic active 
stage of hoemorrliagic nephritis during a ‘ nou-haemoirliagic ’ period may be difficult 
The prognosis is different in the two conditions In the latter the usual ending is 
m uraemia In the former lu-eemia may also occur but some cases are said to end 
in lecoveiy Others die from mtercur rent streptococcal or pneumococcal infection 
Nephrosis appears to follow^ or accompany certain intoxications or infections among 
which are pregnancy, osteomyelitis, syphilis and tuberculosis but m many cases 
there is no obvious cause, the condition beginning insidiously vrithoiit illness of any 
kind It IS sometimes associated with amyloidosis Pure lipoid nephrosis is 
appaiently a rare condition The kidneys are enlaiged white in colour and of 
normal consistency The cortex is wide and pale and sharply separated ofi from 
the medulla Mrcroscopically the outstanding change is maiked lipoid or ‘myelin 
degeneration of the tubules, especially the couvobrted tubules The vessels and 
glomerulr axe usually noimal but in old-standiirg cases some tufts may show hvalme 
changes and there may be proliferation of the parietal cells 

In nephrosclerosis the essential lesions are vascular, the chief clinical features 
being a raised blood-pressnre and cardiac hypertrophy with slight proteinuria 
Volhard and Fahr (he cit ) recognized two tj^es, the benign and the malignant 
In the former the symptoms throughout the disease are attributable to circulatory 
changes in the kidneys and elsewhere and death is usually the result of heart failure 
rathei than kidney failure Q5dema is not present until the end and is then of 
cardiac origin, there being no reduction of the plasma proteins In the malignant 
form there is at some stage a rapid decrease in renal function and death is generally 
due to renal failure alone on to renal and cardiac failure combined In both forms 
the urea clearance is diminished owing to the lessened blood flow in the kidneys 
Red cells may be found m the^ urine but are often absent till the terminal stage In 
the pure arteriosclerotic form the changes are intimal hyperplasia of the large 
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and medium sized arteries witli fatty degeneration and hyaline necrosis of the 
arterioles In the malignant form there arc inflammatory changes as well 
‘ such as necrosis and proliferations of the arterioli and glomeruli ’ (Van Slyke 
cl aJ , he cit ) The vascular lesions lead to collapse and ischiemic atrophy of 
the glomeruli and tubules which eventually became hyaline scars There is 
marked fibrosis of the interstitial tissue which, by pressing on tubules still 
functioning, often leads to the formation of retention cysts of various sizes 
Macroscopically the kidneys are typically of the ‘ small red ’ variety 

The patients on whom our observations were made sought admission to hospital 
chiefly on account of oedema and general weakness The mam featuies are 
summarized in the appendix Histones were often difficult to obtain but most 
patients owned to having suffered from ‘ fever ’ and some from dysentery and 
enteric Enlargement of the spleen alone or of the spleen and liver was present in 
five, one of whom was found to be a case of chronic lymphocytic leuksemia With 
the possible exception of No 23, none gave a typical history of an acute attack 
of nephritis, although the ‘ fever ’ which was said by some to be the starting point 
of the oedema may have been due to acute renal involvement or to an acute 
exacerbation of a chronic nephritis In the majority, however, it is more than 
hkely that the dropsy developed gradually without pyrexia or other marked 
symptom Five died in hospital , the essential post-mortem details are given in 
the summary of cases 

Of the twenty-five patients examined, six (Nos 9, 10, 11, 12, 13 and 21) showed 
pronounced cardiovascular changes, viz , increased blood-pressure with vascular 
thickemng and left ventricular hypertrophy Circulatory changes would seem to 
have been primary m Nos 9, 10 and 12, although the cause of death m Nos 9 
and 10 was more renal than cardiac and No 12 was almost m uraemia when he left 
hospital The urea clearance was under 10 per cent of normal in all three cases 
In Nos 9 and 10 the kidneys were of the ‘ small red ’ variety and microscopic 
examination showed not only generalized fibrosis, arterial and arteriolar thickening 
and hyaline occlusion of the glomeruli and capillaries but inflammatory changes 
as well We consider that these three oases were examples of the malignant 
sclerosis of Volhard and Fahr In No 11, in whom the efficiency of the kidney 
was still over 60 per cent of normal when he left hospital, the primary condition 
was also apparently vascular, the heart being more affected than the kidneys 
No 13 died m the termmal stage of hsemoixhagic nephritis, the cause of death 
being partly renal and partly cardiac The urea clearance was 9 I per cent of 
normal The kidneys were ' small white ’ in type Microscopic examination 
revealed degenerative changes in the tubules with inflammatory and destructive 
changes in the glomeruli Thickemng and obliteration of the blood vessels were 
not marked In the case of No 21, death occurred from lobar pneumoma when 
the urea clearance was still 60 per cent of normal No red blood cells were found 
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in the urine on scvcrnl occnsions The kidnejs slioivcd tlie changes associated 
with nephritis repens iMicroscopicnlly areas of dense chronic inflanmiatory 
change ultoinatcd witli areas m winch the only departures from normal were some 
dilatation and * fatfj ’ degeneration of the tnlniles 

In connect ion with the ahovo cases it should be stated that in the terminal 
stages of h} portensn c renal disease it mnv sometimes be very difficult during life 
to decide whether the vascular changes arc of a secondary nature or arc the primar} 
cause of the disease unless a definite Instori is forthcoming The blood urea is 
liigli in botli conditions EMdonce of vascular disease elsewhere is an important 
deciding factor Van Slylcc c( al (?oc cU ) point out that it ma} also be difficult to 
say whether, in a terminal case of luomorrhagic nephritis with arteno- and 
artenolo-sclerosis, the latter condition oiiginatcd independently of the former 
They describe two cases in whom tliey believed both types of nephropathy 
to have existed 

The only case of the senes wliicli might bo classified as primarily purely 
degenerative w’as No G The inflammatory changes found in the Icidney post- 
mortem were acute m character and probably embolic in origin There was 
extensive amyloid degeneration of the glomenili and blood vessels and hpoid 
degeneration of the tubules so that the condition was one of amyloid nephrosis 
The blood urea wms about normal and the urea clearance 65 5 per cent of normal 
A few red cells were present in the urinary deposit, the result probably of the 
secondary acute changes The patient stated that the oedema began after an 
attack of pneumonia but tbo amyloidosis was undoubtedly connected with the 
chronic tubercular disease found m both lungs The Wassermann reaction was 
negative 

In all the remaining cases the findings indicated hremorrhagic nephritis with 
difierent degrees of renal insufficiency No 8 died of uraemia when the urea 
clearance had fallen to 5 per cent of normal Proteinuria was 2 2 per cent Post- 
mortem changes indicated a sudden change from the chrome active to the terminal 
stage, the disease being of fairly recent origin Although the kidneys ivere enlarged 
and ‘ cliTonic parenchymatous ’ in appearance there was extensive glomerular 
destruction Vascular changes were slight - Nos 1, 2 and 19 had renal clearance 
values below 20 per cent of normal and were therefore m the terminal stage Nos 
2, 16 and 20 were sufficiently long under observation to ascertain the general trend 
of the disease and in Nos 2 and 16 at least this was steadily downward No 20 
showed no diminution m the urea clearance after six months but the blood-pressure 
had risen 10 mm Hg No 3 is worthy of special mention as the characteristic 
features of chronic lymphocytic leukmmia were present and the Wassennann 
reaction was strongly positive Ocular symptoms were not present in any patient 

It will be noticed that m all cases the oedema, on account of which the patients 
came to hospital, hf|4 been present for a short time only, viz , Ij to 6 months and 
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that except in one (No 4) there was no mention of a pievious attack If we 
regard tlie kidiic)" disease as having existed only during the period of the oedema 
most cases vould he classified as acute and two, Nos 12 and 19, would appear to 
have passed directl)' from the acute to the terminal stage, as the change from the 
acute to the chronic stage usually occurs at 4 months (Van Slyke et al , 1930) In 
T^o 13, however, ‘ small white ’ ludneys were found at autopsy, indicating disease 
of long standing The post-mortem appearance m No 21 also pointed to a very 
chronic process which in this instance had been cut short by death from lobar 
pneumonia, and even m No 8 who had ‘ large white ’ kidneys the microscopic 
appearances showed that the renal disease must have been going on for some 
considerable time There is reason for thinking, therefore, that m at least some of 
the patients ivho did not come to autopsy one was also dealing with an exacerbation 
of a chronic latent condition rather than with an initial attack of nephritis In 
the type of patient we were concerned with if the disease began m an insidious 
manner and gradually passed into a latent form, (nephritis repens in fact), it might 
easily be overlooked or neglected until the onset of intercurrent illness, malnutrition 
or possibly some other factor caused it to assume an acute or chronic active form or 
hastened it on to the terminal stage 

Our investigations throw no new hght on the cause of haemorrhagic nephritis 
This condition is generally supposed to be related to streptococcal infection and to 
beonllergic m nature The association of rheumatic joint pains m two cases 
(Nos 1 and 2) with the onset of renal oedema is of interest m this connection 
We found no evidence of any direct relationship between the renal condition 
and the malaria which probably all our patients had suffered from Malaria, 
like enteric fever, dysentery or other diseases, may of course be an aggravating 
factor It should be stated that Gigholi (1930) considers that malaria, especially 
the tertian and quartan forms, is the cause of endemic nephritis m British 
Guiana 

We would emphasize the value of the urea clearance test as a measure 
of renal efi&ciency Our cases, though few m number, bear out the claims 
made on its behalf It has, however, one drawback in certain instances 
Results are rehable only if the total amount of urine secreted during the penod 
of the test is obtained Some patients may not, for some reason or other, 
empty the bladdei completely and if this happens the result of the test will 
be too low Catheterization may be resorted to but is not always very satis- 
factory It IS possible, theoretically at least, to get over the difiBculty by so 
regulating the intake of flmd that the urinary output measures about 1 c c per 
minute The clearance is then 5 

In the matter of treatment we have only to mention the fact that following 
Peters et al (1926), we allowed cases of oedematous haimorrhagic nephritis a hberal 

J, MR jg 
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supply of protom m tho diet \\it,l\ good rosidts Tlio normal diet of many of our 
])jit loots (ontams onl^ a small amount of jirotem 

SuMMAH-i 

Tnont}-ri\e rases of codomatous noplnitis nerc investigated from the point 
of vie\N of tho nature of tho disease process Kenal efficiency was determined by 
the urea clearance test 

Four cases vorc considered to have heen of the nephrosclerotic t}^e Two 
of these died fiom uraemia, when the uioa clearance was 7 9 per cent of normal 
and 3 5 per rent of normal respcctneh’ Tho pathological changes m both were 
indicatne of the ‘ malignant sclciosis of Volhard and Fahr 

In one individual the lesions were those of amydoid nephrosis Death occurred 
from secondary broncho-pneumonia when the urea clearance was 04 9 per cent of 
normal 

The remaining twenty cases were all of the ‘ hfomorrhagic ’ variety (glomerulo- 
nephritis) One died from urccniia when the urea clearance had fallen to 5 1 per 
cent of normal The post-mortem changes indicated that a sudden transition to 
the terminal stage had occrured fairly early in the course of the disease In another 
death occurred from renal and cardiac failure when the urea clearance was 9 4 
per cent of normal Tho ladireys were ‘ small white ’ m type and there was marked 
hypertrophy of the left ventricle A third patient died of pneumonia when the 
renal function was still 60 per cent of normal The Jndney lesions were typical of 
nephritis repens Reasons are given for considering that in at least some of the 
surviving patients the disease was of a piolonged latent type which passed into an 
active stage shortly before admission to hospital 

Our thanks are due to Major H S Annnd, IMS, Professor of Physiology, 
King Edwmrd Medical College, for permission to work in his Laboratory and to 
Dr Mohammad Yusuf, m d , and Dr Abdus Sami, m B , b s , for assistance dunng 
the investigation We are also indebted to Dr Vishva Nath, M d , p R c r i > ^or 
the preparation of microscopic specimens 

The expenses of the investigation were defrayed by a grant from the 
Indian Research Fund Association 
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APPBOT)IX 

Summary of cases 

1 22ii(I A^ouemher, 1930 A K , 28, Muslim male Marked generabzed cedema of tn o months’ 
duration Began with ‘ fever ’ and painful swollen joints (knees and ankles) History of malaria 
and dysentery Urine reduced in amount Urinary deposit many red cells, leucocytes, granular 
and epithelial casts Urea clearance 7 5 per cent of normal Blood urea 102 6 Proteinuria large 
amount Urea concentration test, 2 17, 1 5, 1 6 Blood pressure 116 76 Heart apparently normal 
Leucocytes 9,600 Wassermann reaction negative 

2 lOWi December, 1930 S S , 40, Mushm male Fairly marked generalized cedenia with painful 
knee, ankle and elbow joints Joints not swollen CEdema of feet came on 4 months ago after the 
joints had become painful The face became sw ollen only a fortnight ago Urinary deposit many 
red cells, a few leucocytes, granular, epithelial and fatty casts Urea clearance 21 4 per cent of normal 
Blood urea 87 7 Proteinuria marked Urea concentration test 0 6, 0 6, 0 7 Blood pressure 
130 90 Heart apparently normal 

10th March, 1931 Red blood cells only 2 millions Leucocytes 7,000 General condition 
Bomenhat improved subjectively Urea clearance 12 6 per cent of normal Blood 
urea 64 7 Proteinuria 1 per cent Blood pressure 120 90 Wassermann reaction 
positive Plasma cholesterol 200 mg per 100 c cs 

3 15th January, 1931 N D , 60, Mushm male Marked generahzed oedema and weakness 
CEdema came on insidiously a month ago Liver and spleen enlarged Very amemic (Hb 30 per 
cent red cells 1 J millions), white cells 288 000 Diff count —lymphocytes 94 per cent, polynuclears 
3 per cent, monocj tes 2 per cent, eosinophiles 1 per cent (Chrome lymphocytic lenkmmia) Enlarge 
pient of axillarj nnd inguinal glands Wassermann reaction positive Urea clearance 21 4 per cent 
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of Iioriuivl ]?loo(l uron no 7 Proinniirm 0 7 pf r «(>nl Unrmrv tie poHil mnn\ red and ^\]nte cells, 
Innlinr firnnuliir niid (pitliclml Blood ])rc‘'‘<iir( I 17 77 Henri slightly cidargcd to llie left 

1 ith 1 dtntnni PUJl Jf A ,10 Miinlini iiinli MnrKed gononili^ed oedenin Appirentlj 
n (it inn first ottnrred .l\enrs u illi f( \ ( r hut prndunlh dnappenred About a \\cck ngo it reocenrred 
jfi its [irc-« nt form also with foicr tfislors of iiminnn .Spleen 5 inrlie'i below (ostnl margin 
J,i\er sligb'U enlnrgtd While relN 0 000 Urine (liininitlied and soincwlint smokv m t-olonr 
Unnnrv tieposil nIan^ red (rlU, i few while (tlU, mam grnnnlnr fatlj and bjalnie easts Urea 
olenranec 71 <1 per cent of norinnl Blood uron 11 7 I’rotiiniiria 0 8 percent Blood pressure 
110 77 Heart ap|mrentl\ normal Wnsserniann renelion negative 

f> lHh Fehrunry 1011 H, oO, Muslim male Marked gencrnli7Cfl (edema wliicli developed 
after an attack of ‘ fe\er’ lasting a month about three months ago Histor\ of malnnn and chronic 
hroncliilis 1\ lute ( ells 10 00(1 Urine about 18 07 in2t hours Unnnrj deposit some red cells and 
granular faltj and h\ aline easts Urea eloarance 2G 2 per cent of normal Blood urea 32 7 
Protciiiiiria 0 0 per tent Blood pet'-surc 07-70 Hcait apparentU normal Wassermann reaction 
negntiic 


0//1 March, 1011 Q''deiua less Urine increased in amount Urea clearance 33 3 per cent 

of normal Blood urea 22 2 Prol( iiiuri ill jicr cent Plasma cholesterol 276 

G 7(/i February, 1011 M fs 37, Sikh male Ver\ jirononneed genernh/ed redema of one 
month’s duration \pparontK came on aflcr an attack of pneumonia Histor\ of tvphoid ft)> 
malaria and sjplnlis hut \\n«s(riuunn reaction was ncgalwc Broneliitie signs on admission White 
cells 7,000 Urine diminished Urinary deposit few red cells, mani granular fattj, epithelial and 
h^nlinc casts Urea clearance 01 0 per cent of normal Blood urea 23 0 Proteimina 18 percent 
Blood pressure 115 80 Heart apparently normal 

Patient died after 18 dajs in hospital from broncho pncnnionia A condition of old fibroid 
phtlusis in both lungs was also found Tlio kidneys were enlarged, pnlt and soft Capsule not 
adherent Marked distinction between niodulla and cortex, the latter being increased m width and 
pale in colour Some injection of the pelvic mucous inenibranc On niicioscopic examination the 
chief features were degeneration of the tubules cspccialH tlio convoluted tubules, some glomeriili 
almost noriimf, others hynlino in appearance in different degrees, hynliiio streaks in tubules and vessels 
Special staining showed tins hyaline material to bo amjloid There were acute inflanimatorj areas 
111 the cortex apparently of recent development and chaiactcnzcd by marked pol 3 muclcar infiltration 
They were probably of embolic origin , 

7 \%th February, 1031 C D, 40, Muslim male AInrked gencrahved cedema of tw o mont is 
duration follow ing on a week’s ‘fever’ History of malaria and dj'sentcri Spleen slightly enlarge 
Urine diminished 111 quantity Urinary deposit few' reel and white cells, epithelial, granular, fatty 
and hyaline casts Urea clearance 27 7 per cent of normal Blood iiiea 44 7 Proteinuria 14 P®*' 
cent Blood pressure 135 90 Heart apparontlj' normal 

8 2nd March, 19^1 S M , 20, Muslim male Marked generalized cedema of 3 months’ duratmn 

Apparently came on insidiously but there was a history of a w eek’s ‘ fever ’ tw'o months previous y 
History of malaria Urine much diminished in quantity Urinary deposit many red colls, a few 
white cells, granular, epithelial and hyaline casts Urea clearance 5 1 per cent of normal 1 ooi 
urea 89 2 Proteinuria 2 2 per cent Blood pressure 160 110 Heart not enlarged iVassermanu 
reaction negative Plasma cholesterol 303 Bed cells 2 6 millions Leucocytes 4,700 Many Uoo 
worm eggs in stools 

Patient died after 21 days m hospital from urferaia Only kidnej s eould he examined They 
were found to be enlarged, mottled and soft Cajisule not adherent Cortex wide and pale Micro 
seopically they showed degeneration of the tubules, especially the convoluted tabules, increased iiuc ei 
in some glomerular tufts, hyahmzation 111 others and occasionally thickening of the glomerular capsu 
The picture was one of Inemorrhagic nephritis witli pronounced glomerular changes 

9 26(/i 3Imch, 1931 H B , 40, Hindu male Marked ascites and cedema of legs, hrcathlesiiess 

qnd palpitation Ascites was of four months’ duration Swelling of the legs on exertion 


Heart 
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enlarged do\TO\\nrd nnd to the left No murmurs Wnssornmnn reaction negative Hookuorm 
o\n picsent in finiall numbers Spleen somculiat enlarged Red colls 4 8 mdlions Leucocytes 
10,000 Has had no proMoiis illness Urine lather increased in amount Urinary deposit a few 
red cells, a feu Iciicocvtcs nnd some hj aline and granulai costs Urea clearance 7 9 per cent of normal 
Blood urea 119 7 Proteinuria 0 2 per cent Blood prcssuio 160 105 

Patient died after about a month in hospital from renal failure Post mortem examma 
tion shoved eiiipha sematoiis lungs, enlarged malarial spleen with perisplenitis, early atrophic cirrho 
SIS of the Incr, much enlarged left \cntriclc with iiiurnl endocarditis and small icd granular kidneys 
The renal capsule was adherent in places and the cortex iricgiibrlv reduced in width and mottled 
There were scacral c^8ts on the surfacu The medulla and cortex were not sharply demarcated 
llicroscopicallv the 1 ldnc^s were very fibrous, many glomerular tufts being represented by fibrous 
masses There w ns much thickening of Bow man’s capsule in many glomeruli Some tufts that were 
not fibrous showed great increase in nuclei The arterial and arteriolar walla were much thickened 
The tubules were dilated in places 

10 21th March, S N , 30, Hindu male Swelling of the lower limbs and puffiness of the 

fate of one month’s diiiation, palpitation of the heart nnd breathlessness No history of other illness 
The heart w ns enlarged downwards nnd to the left No murmiiis Wassermann reaction negative 
Urine normal m amount Urinary deposit a few red cells, hyaline and granular casts Urea 
clearance 3 5 per cent of normal Blood urea 4016 Piotemurin 0 1 per cent Blood pressure 
170 125 Plasma cholesterol 195 

Patient died from ur'cmia after about 5 weeks in hospital, 10 days after the above examination 
Post mortem examination showed a very much hypertrophied left ventricle, the ventricular 
wall being about 8 times the normal The kidneys were small, with slightly adherent capsules 
The surface was uniformly granular and was of a mottled red and grey colour The same 
mottling was seen on section, especially in the medulla There was much fat in the pelvis 
Microscopic examination show ed marked thickening of the arteries and arterioles, some fibrosis and 
increase of nuclei in the glomerular tufts, general increase of fibrous tissue and dilation of some 
tubules 

11 Isf J/ay, 1931 B R , 47 Hindu male Marked generalized oedema of 3 months’ duration, 
first noticed on the face Palpitation of heart for 3 months also History of chronic bronchitis but 
of no other illness Liver enlarged four fingers below costal margin Urine diminished in amount 
Urinary deposit an occasional red and white cell, granular, hyahne and epithelial casts Urea 
clearance 56 2 per cent of normal Blood urea 35 0 Proteinuria small amount Blood piessure 
170 140 Both right and left sides of the heait enlarged No murmurs Hypertrophy of the left 
ventricle Wasseiniann reaction negative Leucocj^tes 6,500 

12 2nd May, 1931 M R , 45, Hindu male QEdema of legs and ascites of 4 months’ duration 
Frequence of micturition for the past year History of malaria and enteric (?) Spleen 2 inches below 
costal margin Left ventnculai hypertrophy No murmurs Polyuria Urinary deposit ocea 
Bional red cells, hyahne and granular casts Proteinuria 0 05 per cent Urea cleaiance 4 6 per cent 
of normal Blood urea 179 0 Blood pressuie 170 110 

13 8(ft May, 1931 A B , 40, Muslim male Pronounced generalized oedema of six months’ 
duration Onset msidious History of no acute illness other than intestinal coho Breathless and 
cyanosed Left ventricular hypertrophy Right cardiac enlargement Urine diminished in qiian 
tity Urinary deposit red cells, white cells, granular and hyahne casts Urea clearance 9 4 per cent 
of normal Blood urea 240 0 Proteinuria 0 4 per cent Blood pressure 180 120 M assermaim 
reaction negative Leucocytes 7,000 

Patient died four days after admission on 9th Alay, 1931 Post mortem examination show ed the 
immediate cause of death to be acute pulmonary oedema There was marked left ventricular 
hypertrophy No murmurs Pight heart dilated The kidneys were small, capsule just adherent, 
smface finely granular On section the appearance was that of ‘ small w hite kidney ’ Rlicroscojiically 
there was generalized fibrosis Some glomeruli were almost completely hyahne, others showed 
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incro'i'-o in Uio nuclei of (lie tuffs nnd other? ucrc nhnosl noniml Vessels not markedly tbwlened 
Tubules Fhoued dcgcni nitre tlinn^es 

If .Ird Ji/nr, J') 1} \ Jt ,] 1, Muslim femnle Marked pencrnli^ed ccdcnia of tuo months’ dun 
tion Onset lUFidious HistorN of irregulnr fo\er Ifnd two bouts of temperature {to 101°?) 
wliile in liospitnl (? ninlnnn) Jllood pressuro 110 SO Heart npparcntlj normal Unne 
dnmnished in quantits Urinars deposit innn^ red tel!*’, some white tells, granular, hyaline and 
epifhelml casts Urea tkarantc dO 1 per tent of nornial Blood urea 21 o Protcinuna 

0 15 per tent Mnssirmnnn nattion negafre Temocjtcs 0,250 

15 Of/i fiiiic, I'tSl 1! C, 15 lliiulti innle I’roiiountcd generalized mdcnia of one month’s 
duration Onset insidious Oitasioiinl bouts of low fc\cr 0f)’’F or fo Heart npparentl} normal 
Blood press urt lib SO Urint diniinishcd in qiianlifr Unnnrj deposit rtd cells, a foil iihite cells, 
granular and tpitlieliiil lasts Urea clcaraiitc 57 5 ptrttntof iiorina! Blood urea 39 5 Proteinunn 
2 I per cent ‘Wasstriiiaiin reaction ntgafre 

10 2bilh Orlohcr HlJl ]{ , dO, 'Miislmi malt I'airh marked gcnorali/ed cedenia of thieo months’ 
duration Onset aiipareiilK insidious Occasional rises of toiuperatiirc (’ inalnna) Heart appi 
rcntl^ normal Blood jirt-'surt 112 70 Urine much diminished in amount Unnari deposit manj 
red cells, aonit white cells, granular, epithelial and ]i\nlino casts Urea clearance 37 1 per cent of 
normal Blood urea 55 0 Proteinuria OG pci cent Wasstrniann reaction negatne Urea con 
ccntration test (on 7th Noiombcr, JOJl) 1 2, 2 0, 2 2 

140/ December, 19.51 Qidciiin bomcwhnt less No fe\cr Blood pressme 128 101 Urine 

increased in amount Unnan deposit as before Urea clearance 2t> 0 per cent 
Blood uica 510 Proteinunn IS per cent Plasma proteins total 4 92 per cent, 
albumin 1 2 per cent, globulin 2 9 per cent, fibrinogen 0 S2 per cent 

17 3rf/ iVoicmbcr, IflJl .T N , 31, Hindu male Pronounced generalized oedema of 5 months 

duration .States that it came on gradually after a febrile illness lasting 15 days This illness ended 
with the appearnnte of a rash all oscr the body (? dengue) Has had occasiODiil short attacks of 
‘ fever ’ Blood pressure I2S SO Heart ajiparcntlv normal Urino much diiiiimshcd m amount 
Uruinry deposit red tells and an occasional lcucoc 3 te, some granular, C 2 )ilhclial and hjalme casts 
Uica clearance 7 5 per cent of normal Blood urea 34 5 Urea concentration test 2 9, 3 0, 2 7 
Proteinuria 0 3 per cent 

18 4th January, 1932 H A , IS, fMusliin male Fairly marked goncrahzed oedema which 
developed after an attack of lobar pnoiimoma about a month ago History of occasional attacks 
of ‘fever’ Blood pressure 120 80 llcnit apparcntl}’ normal Wnssemiann reaction negative 
Urine diminished in amount Unnar^’’ deposit manj' icd cells, fow leucocytes, hyaline, fatty 
and granular casts Urea clearauce 03 6 per cent of normal Blood urea 18 5 Protcmnria 

1 1 per cent 

19 lQ(hJanuait/,W32 K H , 3.5, Slushm male Qidoma of low ci bmbs of IJ months duration 

Developed after a febrile illness lasting twenty' days Histoiv of syphilis 22 years ago M assermann 
reaction positive Subject to shoit bouts of ‘ fever ’ (1 3 days) Blood pressure 120 82 Heat 
apparently normal Urine diminisbed in amount Urinary' deposit some lod blood cells, leucocytes, 
epithelial and granular casts Urea cleaiauce 10 7 per tent of nornial Blood urea 85 0 Urea con 
centiation test 1 1, 1 C, 1 fa Proteinuiia 0 0 per cent Plasma proteins total 6 08 per cent, albumin 
1 90 pel cent, globulin 3 67 per cent, fibruiogen 0 51 poi cent Haimoglobin 68 8 per cent Louco 
cy'tes 11,000 , 

20 I5th October, 1931 D , 26, Hindu male OEdema of lower limbs and ascites of 2 nioiit is 
duration Seems to have had a fairly sudden onset Some dy'spnma Liver shghtly enlarge 
History of dysentery No entauioebio cymts found Has occasional rises of temperature (7 ma aria) 
Blood pressure 115 95 Heart apparently uoimal Wassermann leattion negative Urinary 
deposit some red cells and leucocytes, granular, epithelial and hyaline casts Urea clearauce 
48 pel cent of noimal Blood urea 46 0 Proteinuria 0 65 per cent Urea concentration test on 
22nd October, 1931, 2 6, 3 2, 2 8 
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OJ/i 21 arch, in'?” Puflinc^s of the fnco, slight oedema of tlio legs and ascites Fluid in the 
idenral envitj Blood presanro 125 105 Heart not enlarged Urinary deposit an 
occasional red and iiliilo coll, granular and hjalino oasts Urea oloaranco 54 2 per cent 
of normal Blood urea 60 0 Protoinuria 0 76 per cent 

21 \2th Noicmbcr, 1931 H D , 40, Hindu male 4seitos and oodoina of lower limbs of 3 
months’ duration lucr 11 inches below costal maigin Spleen just palpable History of vague 
‘ fo\cr ’ in early life Says ho had Bjplnlis but Massermann reaction negative Blood pressure 198 
110 'Marked hypertrophy of left ycntricle No murmurs Urine increased No hsematuria, 
by aline and granular casts Urea clearance 59 2 per cent of normal Blood urea 34 4 Proteinuria 
0 1 per cent 

Patient died of lobar pneumonia after 6 weeks in hospital Post mortem examination revealed 
in addition to pneumonic consolidation of the loucr part of the left lung, a verj much enlarged heart 
There uas marked hypertrophy of the left yciitnclo and some livpei trophy of the right No vah iilar 
disease The liycr was nutmeg The kidncjs ucre small, red in colour yvith adherent capsule and 
lobiilated granular surface llieroscopic examination showed aieas of chrome inflammatory change 
surrounded by tissue uhicli was almost normal In the former there was marked round cell infiltra 
tion of the glomeruli yiith thickening of Bow man’s capsule and in some places adhesion betyveen the 
tuft and the capsule The interstitial tissue was merensed and the tubules more or less degeneiated 
In the non inflammatorj areas there was some ‘ fattv ’ degeneration of the epithebum of the convoluted 
tubules and occasional cnlnigcmcnt of the glomeruli which otherwise seemed normal 

22 23rd Fi bn ary, 1932 F , 22, Hindu male Marked genenvhzed oedema of tyvo months’ dura 
tion, which is stated to hayc followed a period of iricgular malaria lilce fever lasting 14 months Blood 
pressure 90 60 Heart apparentlj normal Urine diminished m amount Urinary deposit red 
blood cells, leucocytes, h^ aline, epithelial and gianulnr casts Urea clearance 40 8 per cent of normal 
Blood urea 29 5 Proteinuria 0 4 per cent Wassetmann reaction negative 

23 26t/i February, 1932 M , 30, Hindu male Verj pronounced generalized cedema of tyyo 
months’ duration, w hich is stated to have follow ed a febrile illness lasting three months The urine was 
‘ red ’ in colour during this illness (’ pigment) History of renal colic Febrile on admission {102°F ) 
for one day onlv Spleen and liyer slightlj eulaiged Heart apparently normal Blood pressure 
155 95 Unno diminished m amount Urinary deposit many red colls, some white cells, granular, 
fatty and epithelial casts Urea clearance 18 6 per cent of noimal Blood urea 07 0 Proteinuria 
0 3 per cent Wassermann reaction negative 

24 1st March, 1932 A de S , 43, Christian male Generalized oedema of one month’s 
duration The cedema came on fairly suddenly yyithout any ‘fever’ or other illness Heart 
apparently normal Blood pressure IGO 110 Slight enlargement of the heart Urine much 
diminished amount Urmary deposit red blood cells, a feyv leucocites, hyaline, granular 
and fatty casts Urea clearance 413 pier cent of normal Blood urea 910 Proteinuria 
0 9 per cent Wassermann reaction negative 

25 2nd 31 arch, 1932 D S , 24, Hindu male Marked generalized oedema of tivo months’ dura 
tion Folloyved a febrde illness lasting five days during yihich there yvas vomiting and diarihaa 
Blood pressure 130 90 Heart apparently normal Urine diminished m amount Urmary deposit 
some red blood cells, granular, fatty , epithelial and hyaline casts Urea clearance 37 6 per cent of 
normal Blood urea 28 5 Proteinuria 0 75 per cent Wassermann reaction negative 
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I The problem 

It is a general truth that epidemics of plague come to an end when the weather 
IS hot and dry, and that the commencement of an epidemic and its continuance are 
favoured by certain conditions of temperature and humidity It is also known 
that it IS the seasonal abundance of rat-fleas, particnlarly of Xenopsylla cheopis, 
which determines the outbreak of epidemics of plague among rats and man and 
it IS the larva of the flea and not the adult which is most susceptible to unfavourable 
conditions (Mellanby, 1932) It appears also that the geographical distribution of 
plague IS largely, but not entirely, determined by chmatic conditions which are 
favourable to this species of flea 

But though there are grounds for relatmg numbers of fleas, and epidemics of 
the disease, to climatic factors, we still employ ordinary meteorological data in our 
studies Even when the data are complete and based on readings taken throughout 
the 24 hours, one would suppose that there is no relation between the climate in 
the rat’s nest and in the standard Stevenson’s screen frequently the only data are 
those taken once (or twice) during the day iVe cannot criticize the meteorologist 
for the way m which his data are collected and presented , standard methods are 
necessary for his purpose and we are grateful for the great mass of fact which he has 
accumulated But the biologist must take the blame for havmg so httle knowledge 

( 281 ) 
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of ilio (Imiato wliuh |)ro\iiils ^\llorc llic insects normall} live We need readings, 
])iof('ral)l\ laKen \m1Ii u’loidin;' ajipai.itiis, from nillini warehouses, also from rat 
liolcs and snniiai ])Iacos The essential elements of ( Innate appear to be temperature 
and liunnditj 

\\ ith repaid to the temper at me and hnmulit} m soil, we have a little hnorvledge 

Tcni])cialnrc — This suhjeet has been recentl) summari/ied by Keen, he 
discusses soil teunperaturc in relation to latitude, altitude, vegetation, nature of the 
soil season, and many other factors He also deals wrth the theory of the flow of 
heat through a mass of soil To his references, one rnaj add papers by Kashkarov 
and Kurbatov i\UKen/ie-Ta)lor and Bruns (]‘)2'Jf/ and b), >Sinclair, and AVilhams 
(1028, 102'lo and b) It must bo reab/ed that, even a few inches below the surface 
of the soil, the ternpeiatuie is vei} nearly stable between day and night This is 
true even m the extreme climate of a desert, where the daily and seasonal fluctuations 
of temperatiiie rn the air arc so great For rnstarice, AAhlliarns (1923, 1924fi and b) 
lias shown that the high rnn\imiinr at midday was confined to the surface of the 
sod the range of tcmpeiaturc and the dad} maximum fall rapidly at 10 or 20 cm 
depth in the sand At 20 cm below the surface, the mean daily range of temperature 
is about 6 O^C in siiinmei, and half that in winter , the mean temperature in 
summer is about 33°C in winter 17°C to 20°C If, therefore, an animal can burrow 
to this depth, it will find itself in veiv equable conditions, at anytime of } ear, so 
long as it remains in its hole Uvaiov suggests that bubonic plague survives m the 
steppes surrounding the Caspian Sea because the fleas in the burrow's of the ground 
squirrel, Sjicunojiilnlus, are protected against the cold of w'lntei and the dry heat of 
summer 

Humidiiy — Our knowdedge of temperature beneath the surface of the ground is 
not inadequate, and methods of measuring and recording it exist AVith regard to 
humidity in rat holes, etc , I can find no information except that collected by 
Ingram He made an ‘ artificial burrow ’ which consisted of an animal cage buried 
30 inches below' the level of the ground In it the temperature ranged from 78 8 F 
to 74 0°F (26 0°C to 23 3°C ) , the range m a screen w'as 92 5°F to 58 G F 

(33 6°C to 14 8°C ) that is to say, the lange in the burrow was a seventh of that 
in the screen The saturation deficiency in the buirow measured twice daily, was 
about 6 3 mm (0 27 in ) of meicuiy that in the screen averaged 11 mm (0 437 m ) 
at 7-30 A M , and 27 mm (1 093 in ) at 2-30 p m The measurements of humidity 
may be criticized on technical grounds, but the figuies ceitamly show that the 
conditions below the soil were stable and damp (see also Hirst, for sew'ers m 
Colombo, Ceylon) 

Much more work of this sort is needed, and the present paper describes an 
attempt to increase knowledge The technical pioblems of hygrometiy m places 
w'hich are small and inaccessible are still difficult m particular we lack apparatus 
w'hich will give a current record of changes of humidity An additional difliculty 
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IS that tlicrc arc several scales of huraKlity in use It is essential to grasp the difier- 
ence between tiicm , some people have been helped by a diagram published 
elsewhere (Buxton, 1930 fig 1) One must also know which scale is appropriate 
for a given purpose, and become familiar with methods of converting readings from 
one scale to another , this is not possible unless the tempciature is known 

The three principal scales of humidity are as follows — 

1 Absolide hiwzchly — Tins gives the total amount of water in a unit volume 
of air It may be expicsscd as milligiams pci litre, but the most convenient nota- 
tion IS to express it as a vapoui prcssuic m millimetres or inches of mercury In 
ordinary practice the absolute humidity is obtained from the leadings of dry and 
wet bulb, by means of tables The Indian tables (see Simpson) cover nearly all 
conditions which one is likel\ to encounter The absolute humidity is useful if 
one wishes to study movements of water vapour m space for instance, water 
vapour will diffuse out of a cave into the open air if the absolute humidity is higher 
in the cave 

2 Rehliv e huimchty — This is the amount of water vapour in a space compared 
to what the space could hold if it were saturated at the same temperature The 
proportion is geneiallv cxpicsscd as a percentage Bor instance, if a room holds 
three-quarters of the water vapoui which it would hold if saturated at the same 
temperature, it is said to have a relative humidity of 76 per cent The degrees 
of relative humidity which coricspond to particular wet and dry bulb temperatures 
may be obtained from the Indian tables Relative humidity is important 
partly because most meteorological tables are constructed on this scale, partly 
because the hair hygrometer and similar instruments lecord the lelative humidity 
irrespective of temperatuie 

3 Saturation deficiency — This is the amount of water vapour which would 
have to be added to that already there m order to saturate a given space, tempera- 
ture remaining constant The saturation deficiency is alwaj s expressed in absolute 
units (generally mm of mercury) it is obtained by subtracting the absolute 
humidity from the saturation vapour pressure (i e , the total amount of water which 
air would contain if it were saturated at the same temperature) At first sight it 
appears as if it were the difference between the relative humidity and saturation 
e g , if the relative humidity is 75 per cent, one is inclined to say that the saturation 
deficiency is 25 per cent (i e , 100—75) But this is a fallacy, because the total 
amount of water vapour required to saturate a space is greater, the higher the 
temperature Therefore the amount of additional water vapour required to bring 
air from 75 per cent to saturation is greater, the higher the temperature The 
insect physiologist must become familiar with this measure of humidity, for it was 
shown by Bacot and Martin that at 32'’C and presumably at other temperatures 
the duration of life of the adult Xenopsylla cheopis is proportional to the saturation 
deficiency of the atmosphere I have recently shown (Buxton, 19316) that this lav 
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i«? of von ■wirlc npplicn<ion in inscd pli}6io]o£n, bii< vc cannot yet say tliat it applies 
fo all insects or that it is operative inulcrall conditions of temperature and humidity 
It will also be reineinbercd that Bioohs and also Bogers have been able to relate 
many events in the epidcmiolog} of plague in India to saturation deficiency we 
ma> assume that this effect of climate is upon the tlcas and their larvae 

In the present paper, the facts lelatiii" to hiimidit} are sometimes referred 
to one scale, at othcis to anothei I hn\ e done this deliberately, because one cannot 
thinh adeqiiateh about the ecology of plague unless one is prepared to use each of 
the three scales for dififcient purposes each scale is appiopriate 

II Tnn MLTnons 

Know'ledge of the climate of the places where fleas actually’^ live might be 
extended in three stages Wc might study the climate in gram stores, cellars, 
etc , secondly wc might iincstigatc the conditions in the lats’ holes or among 
sacks of com , thirdly', puisuing the matter to its logical end wc might study the 
climate among the lat’s haiis, in its nest, or m the dust in which the larvm are found 
In this paper I discuss tcmpciaturc and huniicliti in stoics and cellars, also m rat 
holes , the third stage is still untouched The data here given weie accumulated 
in Jenmalem and Haifa, Palestine, in June and July' 193] 

Stoics and cellais — The standard methods of meteoiology are applicable to 
the study of climate m a giaiii store oi cellar I used maximum and minimum 
thermometers, also theimohy'giographs which W'ere checked tw'ice daily by' a whirl- 
ing psychrometer, the readings of w'hich W'cre icduced by' the w'ell-kiiow'U tables 
of the Prussian Meteorological Institute (Hellmanii) In both the places m 
W'hich I worked (Haifa and Jerusalem), I w'as able to expose duplicate instruments 
in the Stei'enson’s screens of the Department of Agriciiltiiie This gives a direct 
comparison between the climate of the store oi cellar, and that of the external 
atmosphere 

Rat holes and othei small spaces — There is no great difliculty' in studying the 
temperature 2 or 3 feet down a rat hole I tied theimometeis about i inches long 
to pieces of wire and pushed them down the hole , as one may assume that the 
temperature vanes a few degrees betw'een day and night, this method is not 
unsatisfactory More complete results could be obtained with a distance thermo- 
graph, but none was available 

The study of humidity is much more difi&cult Wet and dry bulb thermo- 
meteis are unsuitable, partly because they cannot be ventilated, and partly because 
evaporation fiom ^he wet bulb will raise the humidity in the small space which is 
under investigation No standard method is applicable, and no oidinary instru- 
ment can be used \ One must work on small samples, and remove them from the 
rat hole with an appropriate apparatus I found it best to suck small quantities 
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of niT into 1 dcvN^point nppnintns, sncfi as is shown in Fig 1 The lesults obtained 
are made use of in the following waj^ The thimble is chilled by evaporating ether 
inside it, and the first deposit of dew is observed when the thermometer in the 
thimble reaches (sa^ ) 20°C , as the tempentnre is allowed to rise the film is observed 
to disappear at the same temperature This shows that the amount of water 
vapour in the sample of an is enough to saturate it at 20°C , but reference to 



Fig l — Apparatus for determirung tlio dewpoint of n samiile of air, aspirated from 
within a rat hole, or from some other small and inaocessihh situation The 
rubber tube A is pushed down the hole B is lined with vaseline and acts 
as a trap for dust The sample of air is studied inside C , it is sucked into the 
apparatus bj mouth, through H D is the thimble on which the dew is 
observed it is chilled by evapoiating ether inside it, by bubbling air with a 
small hand bellows attached to E Ether was previously introduced tliroiigh 
6, and the air from E escapes tlirough it E is the thermometer 


physical tables (e g , Kaye and Laby, p 42) shows that saturated air at 20°C has a 
vapour pressure of 17 5 mm of mercury But the temperature in the rat hole was 
(perhaps) 27°C , and it would require a vapour pressure of 26 6 mm to saturate it , 
the saturation deficiency in the rat hole was therefore 26 6 — 17 5 = 9 1 mm of 
mercury If we desire the relative humidity, it is the absolute bumidity observed, 
expressed as a percentage of the vapour pressure which woidd have produced 
saturation i e , = 65 8 per cent, 
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In I’n U'sfiiK’ wliolo nil ^\nlls niui floois jnc masonry I found great clifficultj in 
getling a niblioi lube more Ilian 2 feet or ocrasionnll} .3 feet doyn a hole It was 
nincli easier lo manipulate a tbielc-y ailed tbnn a tlim-w ailed mbber tube In 
eounlries in wliieli wood floois aic used, one eould ceitainly obtain valuable facts by 
drilling holes and sampling the atmosphere beneath tlic floor In using the dew- 
point appaiatus (Fig ]), attention should bo given to the following points If 
dust. IS sucked into the apparatus it. becomes difTicult to obseiw^c the dewpoint, 
the dust must not be filtered out with wool, oi c%en with glass-wool as both these 
substances alter the liumidit y of the air winch passes through them, but it can be 
tiappcd on a vaseline surface as shown in Fig I The use of a mbber tube is not 
wholly free fiom objection, as tins substance is hygroscopic, but the rapid passage 
of a sample of air through the tube eould liaidly afTect its humidity The pnncipal 
objection to the method is that not all the an in the apparatus comes from the 
place which one wishes to study' Some of the an, which was m the apparatus 
before the sample was taken, will still be there and may' give a misleading result 
But if tw'o 01 three samples aie taken, till a consistent result is obtained, this objec- 
tion is met Apai t from this the apparatus is simple and portable, and m practised 
hands it is leliablc 

I have discussed elsewhere (Buxton, 1931u) other methods of hy'grometry 
which might appear suitable The chemical hy'grometer’’, modified by Mellanby, 
is more accurate than the dewpoint apparatus But it is fragile and heavy , 
moreover it develops great errois if different parts of the apparatus are at 
different temperatures I therefore discarded it, after trial in the field but 
for laboratory’’ studies it seems excellent I also attempted to use a small 
weighing hygrometci In rat holes and similai places it became dusty, and 
its weight was no loiigei an indication of the relative humidity of the atmospheres 
in which it had been exposed 


III The results 
In slows, bains and cellais 

Fig 2 illustrates the type of difference recorded by'^ thermohygrographs exposed 
in different places in the same to'wn Thiee instruments were exposed, m a 
Stevenson’s screen, in a small office in the port, and m a stable the places were all 
within a mile of one another and at sea-level, at Haifa The screen had a good 
moteoiological exposuie on a loof The ofihee was on the first floor in a large 
Customs’ shed, and its 'windows opened into the shed and not into the open air 


* A number of improvements Iiave Jiecn made since the inslniment vas figured in the paper 
quoted above The pumps designed to replace mercuiy reservoirs (Mellanby, 1931) enormously faej 
Ipate the work of analysis 
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It had a wood floor and coiling It 'was need ns a store for old papers, and was 
infested by rats The stable had a cobblestone floor, and solid mud walls It was 
infested with rats, and full of horses at night, when the doors and windows were 
shut The owner, his dog and chickens, also lived in it The floor was always 
moist 'With horses’ urine and dung The instniments were exposed for the penod 
26th June to 4th July, and from the records 3-hourly means were calculated These 



Fig 2 —Three hourly means of temperature and relative humidity, denved from three 
thermohygrograpbs exposed in separate places m Haifa (25th June to 4th July) The 
three curves run through the points of which the water vapour pressures are 16, 18 
and 21 mm of mercury 

are shown on the graph, the figure ‘ 3 ’ indicating the mean reading for 3 A M , over 
the above period , ‘ 12 ’ is noon, and ‘ 24 ’ midmght The records of humidity are 
made on the relative scale, and I have not converted them from this 

The data shown in Fig 2 are very interesting The screen and the oflice 
dxfier in respect of temperature , at aU tunes of the day and night the office if, 
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liottor , <h(‘ foinpoinfiiie of tlio o/lico tliioughoiit tlie 24 hours is 28 8°C 

tlmt of the scieen is 2o R^'C The nbsohilo ]nnniflit> in ])otli is close to 18 nun of 
mcioui^, nt nil times of the dn} nnd night The difTorcnccs in climate are 
theiefore simple, depending entirel} on tcmpeiatiirc The climate in the stable 
IS cut licit dilTerent part It lietnnsc it is shut up at night so that the range of 
temperntme is much i educed But, o^\ mg to e\aporation, the absolute humidity 
IS 3 mm higher than that outside The difTcrenccs betueen the climate heie 
and outside arc thcrefoie comjilcv 


Taulf I 


Thrcc-hoioly mcanf, for 12 (hy<< {lAlh to 2blh Jtihf) in Jervsokm , data damd 
flow tlierwoliijqrQyrajdis c^jio^id w a slamhnd Stcvcvsojds ecrerv, also m 

a cowshed and the barn oner ?/ 


Place 

Time of dav (liours) 

Jlpiin of 
21 hours 

■ 

0 

9 

12 

13 

18 

21 

24 

Screen Temp “0 

19 3 

21 2 

2”) 6 

29 8 

2n 3 

1 

21 S 

! 

21 G 

20 7 

210 

Shed „ „ 

24 2 ' 

1 

24 0 

28 1 

28 -) 

28 0 

26 7 

25 5 1 

1 

24 7 

26 2 

Barn „ „ 

22 ] 

i 

210 

2S7 

12 0 

12 0 

27 8 

24 0 

22 0 

26 7 

Screen Bel Hum per cent 

71 

71 

o') 

14 

48 

67 

1 

73 

1 

75 

1 

63 4 

Shed „ „ 

G7 

G9 

)4 

34 

1 

37 

61 

71 

GS 

61 6 

Barn „ „ 

71 

GO 

48 

1 

37 

to 

33 

70 

65 

56 6 


Similar differences were observed in Jerusalem Thermohygregraphs were 
exposed m a Stevenson’s screen at the Directoiate of Agriculture, also in a cowshed, 
and in the barn over the cowsliedf The cowshed was well built, and kept dry, 
clean and ventilated , its climate was therefore not hot damp and equable like 
that of the stable at Haifa Three-hourly means of temperature and relative 


* 1 e , the average oJ the S hourly means 

1 1 am indebted to the Very Rev the Procurator of St Anne’s Seminary, Jerusalem, for permis 
Sion to expose mstrumehts and pursue my studies in various parts of his farmyard 
1 
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liiimiditj arc given m Table I Considerable differences will be noticed between 
tbe three places 

I had not enough thermohygrogiaphs to collect similar data elsewhere, but 
from time to tune I made observations with a whirling psychrometer m a cellar m 
Haifa This cellar was beneath the building on the roof of which the Stevenson’s 
screen stood a diiect comparison of cellar and screen is therefore of interest The 
cellar had brick vails and a mud floor it was entered at one end by an open stair , 
at the other end there was a small chimney It was therefore well ventilated and 
one might have assumed that the absolute humidity of the air would be the same as 
that outside It hardly seemed likely that evaporation from the mud floor could 
raise the humidity, especially as only about an inch of ram had fallen during the 
previous four months at the time the observations were made (26th June to 3rd 
July) But m fact water was evaporating into the cellar, and affecting its clunate 
The following figures are means, based on 11 observations , the vapour pressure m 
the cellar exceeded that in the screen eight times out of eleven, but the difference 
IS not statistically significant owing to the scatter 

Screen Vapour pressure 14 8 to 21 2 mm , mean 19 0 mm (0 76 m ) 
Cellar „ „ 18 2 to 20 8 mm „ 20 0 mm (0 80 in ) 

Taking the individual readings m conjunction with the temperature, one finds 
that m the screen the saturation deficiency was 5 4 to 10 7 mm (mean 8 4 mm = 
0 34 m ), and m the cellar it was 3 2 to 5 0 mm (mean 3 7 mm = 0 15 in ) The 
record is incomplete, because no readings were taken at night But this matters 
little, for during daytime, when the saturation deficiency is greatest, it was much 
less in the cellar than in the screen The cellar would therefore give an insect 
protection from dangerous loss of water at the most eritical time m the 24 hours 


In rat holes and other small places 

The figures collected m rat holes and from within heaps of gram show great 
differences from one another and from those collected m the external atmosphere 
Table II gives some facts collected m St Anne’s Seminary, Jerusalem The ‘ shed ’ 
was a well-built cowshed, with a stone floor and walls and a tile roof Readings 
were taken with a whirbng psychrometer, whenever the climate m the rat holes 
was studied (by dewpoint) The two rat holes (A and B) went mto the stone wall 
^of the shed about 3 feet from the ground they were only a foot apart, but their 
climates were quite different for some unknown reason The reader will observe 
the great differences m humidity between the two holes, and the inconsistency of 
the data from day to day, especially in A It will also be noticed that the vapour 
pressure is nearly always higher m both holes than it is outside, showing that even 
in July evaporation was taking place in the holes Readings were only taken 
J, MR TQ 
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(luniig the daytime Let us assume that the climate m tins shed yas similar to 
that m the shed m Table I (uliuli was of similar construction, and near at hand), 
then the ni”ht minimum lemjieraturc in the shed would liave been 24°C, and the 
satuiation defieiciu) about 8 mm The dilTcrence between shed and holes was 
thoiefore much fji eater b^ da} than b} nipht 


Table JI 

Cojuhtions ?» a ’^hed in Jerusalem, and in two ral holes {A and B) 

nvhch opened into it 


Hour 

Sum 

Hour A 

Hole B 

Tom]) 

Vnp 

Sftt <lrf 

Tonij) 

\ np 
jircss 

Sat fief 

Temp 

Vap 

press 

Sat def 

00 

ot) 2 

no 

1G8 

27 0 

2G0 

OG 

27 0 

17 0 

96 

S30 

28 G 

11 4 

18 0 

27 0 

25 2 

1 4 

27 0 

23 1 

3 5 

8 30 

27 0 

14 7 

11 8 

27 0 

21 G 

5 0 

27 0 

14 5 

121 

8 30 

25 G 

15 1 

9 2 

27 0 

23 7 

29 

27 0 

14 5 

121 

17 0 

27 8 

15 0 

12 2 

27 0 

16 5 

10 1 

27 0 

15 5 

111 

00 

26 0 

15 5 

OG 

27 0 

18 G 

80 

27 0 

16 5 

111 

Mean 

27*4 

14*4 

12 9 

27-0 

21*9 

4-7 

27*0 

16 7 

D-S 


Similar differences between conditions inside and outside rat holes are 
illustrated in Fig 3 On it I have plotted 17 readings taken in Haifa an 
J erusalem during the hours of daylight , these readings are a fair sample, 
chosen from about three times as many Some rat holes opened ® 

buildings, others inside stables and granaries Individual observations diner 
much from one another, but in every case the saturation deficiency was less 
in the hole than outside it It was never possible to pass a rubber tu e 
more than 3 feet down a hole had one reached further the saturation deficiency 
would doubtless have been still less 
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It IS ■^ell known that commerce, especially m cereals, is responsible for the 
spread of rats and tlicir fleas It is clearly of importance to obtain information 
about tlie climate in a heap of straw, or a sack of gram, or among a number of bales 
of goods I studied these problems m two places Fig 4 shows facts collected m 
Jerusalem In the bain (Table I) m which ventilation was free, there was a heap 
of threshed oats B}' biirjnng a capillary in the heap, I was able to take samples 
of the air among the grain, from a spot about 2 feet below the surface The samples 



Fig 3 — Climate mside and outside rat holes, in Haifa and J erusalem, during the hours of 
daylight, June and July Each line shows a diHerent ohservatiou, the black spot 
indicating the temperature and saturation deficiency 2 to 3 feet down the hole, the 
other end of the line indicating the conditions outside 


gave me the dewpoint Conditions m the barn and outside were studied by whirlmg 
psychrometers Each line in Fig 4 starts at a point which corresponds to the 
temperature and saturation deficiency of the outside air , it runs to a white circle, 
giving the conditions in the air of the barn, and ends at a black circle, corresponding 
to the conditions inside the heap of oats If the means of the 7 observations are 
taken, one finds that the temperature m the barn was 29 3°0 , that m the heap 31 3°C 
the heap was at a higher temperature on each occasion I attribute this to the 






202 The Climate m v'hich (he Hat-Flea Lwes 

metabolism of tlie fTram, but one i\ould jirefcr to have data rccoided throughout 
dn^ and night Tlie moan \a])om piesmiie in tlic grain was IG 5 mm , thatiu the 
liarn lo 0 mm tins also is oMdenoc tli.it the grain was rcspiiing this is surprising^ 
font was not ficslil} lianested, and its water content was only 7 9 per cent when 



Fig 4 — Sunultnneous oTjservatjons on cliniite an *be open air, in the bain, and inside a cap 
of grain on the floor of the bam Lanes connect the three observations made at i0 
same time Jerusalem, July 


dried at 100°C The temperature and the absolute humidity were greater m t le 
gram than outside , the saturation deficienc}'’ was also greater (mean 17 G mm m 
gram, 15 7 mm in barn) 
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Observations on a similar plan weic made at Haifa, m a large galvamzed iron 
vaielionse" (free ventilation rindei roof), and in the small cavities which existed 
between sacks of lentils the sacks were stacked in a regular manner, and I was 
able to insinuate a rubber tube down to about 5 feet from the top of the stack 
Taking 5 observations on different days, I found that the absolute humidity was 
consistently less among the sacks than in the general atmosphere of the warehouse 
presumably, therefore, the lentils were absorbing water from the atmosphere The 
saturation deficienc)’' was also less among the sacks, at the time the observations 
were taken I was not able to record temperature day and mght, either m the 
warehouse or among the sacks I caimot attach much importance to the values 

W Discussion 

The present paper is not principally a record of fact, but a discussion of a point 
of view It IS agnostic rather than informative 

Temperature — There is a considerable difference between the climate m a 
standard Stevenson’s screen and that studied in other places There are many 
causes of this, the most important being that the screen is so constructed as to 
shield the instiuments from the effects of radiation But every building absorbs 
radiant heat by day and loses it at night, and this is true also of the surface of the 
soil For this and other reasons, the conditions m the screen are of little mterest 
to the biologist There is a good example of this in Fig 2 The office in Haifa 
was at a higher temperature than the screen This is particularly noticeable during 
the hours of daylight on an average over the 2i hours the office was 3°C hotter 
than the screen 

But apart from differences between the climate in the screen and that m various 
buildmgs, there are great differences between different buildings In cellars and 
among masses of goods in a warehouse, we may assume that the range of tempera- 
ture IS very bttle But m situations immediately under a roof or m a small space 
m the thickness of a south wall, it is certam that the daily maximum will be very 
high and it is possible that the range would be found to be greater than that in a 
screen 

Humidity — In some of the places m which records were taken, the differences 
in humidity are simple If one contrasts the figures for the screen and the office 
(Fig 2), it will be seen that the absolute humidity is the same in both and that it is 
nearly the same at all times of day and night the vapour pressure is always close 
to 18 mm of merciuy This is doubtless due to the free ventilation of the office 
it received an average sample of the air which was circulatmg over Haifa , there was 
nothing to add water to it In this simple case, as the temperature is different m the 

* I am indebted to the manager of the Levant Bonded Warehouse^ for vermis«icn to make observa 
tions in tins place 
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two plncc'? nt nnj pniiiciilni iiiiic lliough the nhsoluto Inimidity is the same, the 
relative hulnl(llt^ niul the saturation defuieiu} vill he different But the climate 
in jnan> of the places studied is complicated h) the fact that voter is evaporating, 
oi IS being absorbed fiom the an I'lic facts collected in the stable at Haifa (Fig 2) 
provide an cxamjilc of tlii^' Oving to the evaporation from the ground and from 
the animals, the \apoui pio«suie in the stable vas about 21 mm of mercury or 
higher E\aporation vas also tahing place in the rat holes (Fig 3), so that then 
absolute luunidity vas higliei than that of the outside air This is remarkable, 
because the readings vere taken nt the height of the dry season vhen no appreciable 
lain had fallen for many veeks moreo^er, I vas only able to take measurements 
of the climate 2 oi 3 feel dovn a lat hole Had my tubes penetrated further, I 
should presumably have found a still higliei absolute humidity 

The data recorded from inside the heap of oats (Jerusalem) and from between 
the sacks of lentils (Haifa) appear to be contradicton The vapoiu pressure among 
the oats was consistently' liigher than it vas m the air outside them, whereas among 
the sacks of lentils the vapour pressure was less than in the surrounding air The 
data show that the differences are consistent It appears probable that the oats 
were giving oft water as a pait of their vital activities, and that the lentils, which 
had been dried in the sun m the lulls and y\crc aw'aiting shipment in the damper 
climate of the coast, were absorbing moisture from tlie an with which they had not 
yet reached equilibrium But whatever the explanation, it is important to notice 
the difierences w'hich w'erc observed and to realize how complicated are the water 
relations of organic materials w'hethei living or dead If the metabolism of a heap 
of dried oats is sufiicient to raise the absolute humidity' and also apparently the 
temperature inside the heap, this affects the relation between trade in cereals and 
the distribution of particular sorts of rat-flea 

Biology — ^AVe have not y'et sufficient facts about the effect of temperatme and 
humidity on rat-fleas, at various stages in their life history' The combinations of 
conditions which are unfavourable, favoiuable and optimal reqiuie precise delimita- 
tion we also need to know the duration of various stages at a number of different 
temperatures But the facts here set out show' that standard meteorological data 
give a false impression of the climate It is probable that nearly' all the environ- 
ments are hotter than the screen, and that the difference in temperature is enough 
to increase the rate of multiplication of fleas The fact that evaporation takes 
place m cellars and rat holes, even in the middle of the dry' summer, is very' impoit- 
ant Taken m conjunction with the fact that high diurnal temperatures do not 
occur, this means that the saturation deficiency is never very great the climate 
is therefore favourable to rat-fleas, at all stages, though the screen clunate at mid- 
day IS so hot and dry that it would be rapidly fatal, at least to the larvai 

Conti ol of climate ' — It appears that investigations of this sort might lead to 
important results m practice In one and the same town the existence of fleas 
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miglit be impossible in one position tboiigb they might be multiplying rapidly m 
another It should not be difficult to construct warehouses so as to secure a parti- 
cular climate inside them If, for instance, the roof is flat and black, and if cereals 
are stored close to it, they will be heated and dried by the sun’s heat The same 
result might be obtained with a glass roof, especially if a glass was chosen which 
was particularly permeable to infra-red If, moreover, the warehouse is sohdly 
constructed and ventilated by louvres which can be opened or shut at will, then 
watei evaporated from the goods or cereals can be liberated into the air whenever 
the absolute humidity is greater in the warehouse than outside In this way the 
water-content of the merchandise, and of the au spaces among it, will be reduced 
If the temperatiue is also raised, the saturation deficiency in every part of the 
granary v ill become very great This will prevent the breeding of fleas and incident- 
ally do much to reduce the infestation of the stored products by beetles, moths, 
etc I do not suggest that this method will rid a place of plague, but it seems clear 
that the plague-free part of the year, which is characteristic of the Mediterranean 
and of Northern India, could be greatly prolonged in warehouses constructed in 
the manner here suggested One cannot hope that ordinary village granaries will 
be built in this way, but the plan should be applicable to gram elevators and ware- 
houses at ports and at railway ]unctions The suggestion will become practicable 
when we know more of the climate inside bags of corn or bales of cotton , we also 
requue more precise data about the effects of physical factors on all stages of rat- 
fleas 


V Summary 

The paper contains a number of records of temperature and humidity collected 
m Palestine at the hot dry time of year, from various places m which rats and fleas 
lived 

Methods appropriate for this type of investigation are described, and the 
different scales on which humidity may be measured are discussed Thermohygro- 
graphs were exposed m stables, bams, etc , in addition observations were made 
from tune to time, but not with recording mstruments, on the temperature and 
hunudity m rat holes and among heaps of cereals 

The temperature m the small environments is frequently higher than that m a 
meteorological screen This is presumably due to the fact that any budding, and 
also the surface of the ground, absorbs radiant heat from the sun In the rat holes, 
etc , the temperature is also doubtless very stable The conditions of humidity 
were shown to be very different m different places In a well ventilated office, the 
absolute humidity was the same as m the screen The saturation deficiency and the 
relative humidity m these circumstances are dependent on the temperature 
But m places m which evaporation is taking place, the absolute humidity is higher 
than it IS outside This was shown to be so m a cellar, a stable and a number of 
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ml liolcs In silu.ilioi\s inaMinuli as llio icmpor.ilnrc and the absolute 

Jinmidily are both difTeient fioin t!)osf m Ihe ineteoiologist s screen, one cannot 
gcncmli/e about the satumtion de^ICl(MK^ in the majoiit) of these places it ivas 
less than in the screen Thc'-o cnMicinTncnts .ue thcicfoic on the ■whole more 
favoumblc to flea-breecbng than one would suppose fiom the study of the ordinarj 
inctcoiological data 

It IS suggested that, if fuithei facts were a\adable and if more were loiown 
of the piecise relation between climate and fleas at \aiious stages, it would 
become possible to const met buddings within which the climate would he 
unfavouiablc to fleas If full use of solar ladiation wcic made, it should be quite 
possible to make the climate inside such a warehouse mdikc that outside, and 
to maintain a consideiablc difTerencc In this wa-\, cereals, unginned cotton, 
etc , could be lendeicd free of rat-fleas 
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AN UNUSUAL TYPE OF PARASITIC INFECTION 
OF FOREARM 

BY 

A VASUDEVAN, mb & b s , 
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A PORTION of tissue from a lesion m the forearm of a person Wiis received fc^ 
pathological exammation from Ceylon Unfortunately it has not been possible 
so far to obtain any history of the case 

Naked eye appearance 

An oblong firm mass roughly 2^x1 inches Its surface is finely granular 
and of a dark slaty colour and has the appearance of a partly healing ulcer It is 
dense and fibrous and cuts -with some resistance The cut surface is of a -white 
colour and shorrs numerous yellowish brown foci, varying m size from a pin’s head 
to that of a mustard seed, resembling tiny abscesses 

Mici oscopical appearances 

Exammed under the low power, the section is seen to consist, m mam, of a 
mass of fibro-fatty tissue with an ulcerated surface The ulcer is partly covered 
with stratified epithelium with a few sweat and sebaceous glands The rest of 
the section consists of a mass of fibrous subcutaneous tissue and shows marked 
round cell mfiltration both diffuse and focal, and thickened blood vessels Here 
and there are seen giant cell systems, though isolated giant cells are also seen 

Examined under the high power, the giant cell systems are not unhke those 
seen m tuberculous infection and consist of a central multinucleated giant cell 
with an outer zone of endotheloid cells and a peripheral zone of small round 
cells Close to some of these giant cells are seen the organism to be described 
hereafter 

Numerous suppurative foci are seen scattered here and there These show in 
the centre a fibrmous exudate, red cells, and leucocytes mostly polymorphonuclears 

( 299 ) 



E\rLAX\TiONS or Plath VIII 

Fig 1 Early stage of the organism embedded in a mass of pus cells inside an 
abscess cavitv >?eiss — oc X 8, obj x 40 
„ 2 Same as Fig 1, but more magnified, showing the nucleus, nucleolus, 

protolasmic strands and granules and the capsule Zeiss — oc X 8 , 
ob] X 90 

,, 3 The organism inside a giant cell system 

(a) The organism 

(b) Giant cell 

Zeiss — oc X 8, ob] X 40 

„ 4 The organism shoMing a marginal nucleus Zeiss — oc X 8, oh] X 90 
„ 5 Oblique section of an elongated organism n ith the protoplasmic granules 
and a double contoured hyaline capsule Zeiss — oc X 8, oh] X 90 
„ 6 Two organisms side by side inside an abscess Zeiss — oc X 8, 
ob] X 90 
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Plate VIII 
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Fig 3 



Fig 6 



Fig i 


Fig 6 
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SEASONAL INCIDENCE OF TERTIAN, SUBTERTIAN AND 
QUARTAN INFECTIONS 

BY 

U 0 T IYENGAR, 

Meixeal Exitomologist, Travaxxcoxe 

[Received for publication, March 31, 1933] 

The YTiter made a study of the seasonal mcidence of malarial infection by a 
systematic cYamination of blood films from malarial patients in an mtensely 
endemic area m Bengal These observations were continued without interruption 
for a period of 16 months from June 1930 and over 2,600 blood films were examined 
during this period The material for this study was obtained from patients attend* 
mg the field treatment centre of the Bengal Public Health Department at 
Singur m Hooghly District and the writer is much indebted to the Director of 
Public Health, Bengal, for his courtesy and facilities offered in connection with this 
work Thin films were taken from patients with a clmical history of malaria, 
and who did not have any qumme treatment for at least ten days previously The 
films were stained and examined m the laboratory at Calcutta and at least 100 
imcToscopic fields were exammed before the film was declared negative 

In view of the fact that the blood films were taken from selected cases with 
definite symptoms of malaria and who had no quinine treatment previously, a large 
proportion of the blood films were positive even m thin film examination Out of a 
total number of 2,652 films examined in this series, 1,876, or 71 per cent, were positive 
for malaria parasites 

An analysis of the 1,876 positive films shows that 784 were positive for 
Plasxnodwm vivax, 943 for P falcipaxum and 271 for P malanw Takmg the 
sum total of the observations the relative frequency of the three infections is 
as follows — 


P vivax 1 

P falciparum i 

j P malanm 

418 

50 3 

j 14 4 
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80‘1 Seasonal Incidence nf Teihan, Hiddeitian and Quailan Infechons 


1 Srinonal 'inndcnce of die infrelwns 
A siinimnn of llic fiiulinp in ro^aul to llic seasonal incidence of tertian, sub 
ter (van and qwaitan infections niul of the Tcspcclivc eametocyte carriers is fur 
nislicd in Table I It should he noted that in tins table, mixed infections have 
been inrlndcd under the component heads , for example, a mixed tertian and 
siibtertinii infection is included under P viva x ns also under P falcipanm As 
such, the totals of the first columns nndei each species may amount to more than 
the number of positives foi the month The incidence of mixed infections is 
discussed scpaiatcly at a later part of the paper 


Tatjlu I 


Period 

Total number of posi 
tivo films 

^ Plasmodium tiiaT | 

1 Plasmodium falciparum 

Plasmodium makrics 

1 o 

i 

H 

O H 

Percentage 

o 

o 

1 

o 

o o 
- o 
t: S 

V: cj 

' P §? 

Percentage 

U 

o s: 

•“ 

U 

1 o 

1 

■ 

Percentage 

U4 

O 

u 

O o 

Si 

S 5 

P w 

1 pj 

Percentage 

U 

O 

**-* 

o 

^ & 

o ^ 

Pm 

Percentage 

Positive for 

ganictocytcB 

0 

60 

a 

•u 

a 

0 

V 

u 

Q 

January 

1 

153 


35 9 

30 

23 5 

1 73 

1 

47 7 

31 

20 3 


19 6 

13 

S5 

Pobniary 

100 

02 

58 5 

30 

28 3 

30 

28 3 

1 

s 

7 5 

IS 

17 0 

12 

113 

Jlarcli 

lOG 

71 

07 0 

34 

321 

27 

25 5 

12 

11 3 

15 

14 2 

8 

75 

April 

111 

71 

04 0 

33 

29 7 

36 

32 4 

24 

21 6 

11 

10 0 

8 

72 

May 

104 

38 

30 5 

17 

10 3 

52 

50 0 

23 

22 1 

21 

20 2 

16 

1 

154 

Juno 

[ ISl 

72 

40 0 

30 

20 0 

62 

34 4 

30 

16 7 

00 

33 3 

42 

23 3 

July 

183 

89 

48 0 


12 0 

CS 

37 2 

20 

14 2 

42 

22 9 

30 

16 4 

August 

320 

106 ' 

1 

33 1 1 

47 1 

14 7 

211 

60 0 

82 

25 6 

35 ' 

10 9 

23 

72 

September 

206 

61 ' 

29 6 

37 

18 0 

145 

70 4 

67 

32 5 

1 

13 

63 

4 

10 

October 

132 1 

38 

28 8 

23 

17 4 

95 

72 0 

39 ! 

29 6 

14 

10 6 

11 

83 

November 

133 

58 ' 

43 6 

29 

1 

21 8 

69 

619 

27 

20 3 

6 ‘ 

45 

4 

30 

December 

141 1 

1 

63 

44 7 

37 i 

26 2 

76 

63 2 

21 

14 9 

6 

1 

42 

3 

21 

Total 

1 

1,876 

784 

418 

1 

381 

20 3 

943 

! i 

50 3 

390 ^ 

20 8 

1 

271 ! 

1 

14 4 

174 

93 


Seasonal dtstnbuhon of Plasmodium vivax infection 
The monthly incidence of mfections with P vivax fiirmshed in Table I 
represented graphically in Chart 1 P vivax incidence ranges between 29 per 
cent and 67 per cent From a low level m January, the curve rises rapidly m 
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Fehninr's and re iches its highest level for the yeni during March and April During 
this period, relapses are very common and these spring relapses consist very largeh 
of P iriax infections "With the onset of summer, the curve of P vivax incidence 
falls sharplj and reaches a 37 per cent level in the month of May The curve has a 

Chart 3 

Seasonal incidence of P viva\ infections 



The thick line represents ine percentage of P vtvax infections 
and the thin line, the percentage of P vivax gametooyte 
carriers to the number of total positives dunng the month 

small rise m July after which it reaches a low level m September and October 
Towards the close of the year, the incidence of P vivax infections rises during 
November and December 

The mcidence of P vivax infections with gametocytes is also represented 
graphically m Chart 1 This curve follows the general trend of the mam curve 
of P vivax mcidence 
J, MR 


20 
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Sca<to)ial (hsl)ilnifW7i of Pln'^modnim fnlupanim mfeckon 
The monthly incidence of P falaparuvi infection is represented graphically 
in Chart 2 It langos between a mn\innnn of 72 per cent and a mimmiun of 25 

Chart 2 

Seasonal ‘incidence ofV falciparum mjcchons 



The thick line represents the percentage of P ^ahiparum 
infections, the thin line repiesents the percentage of 
gametocyte carriers to the number of total positives for the 
month 

per cent The incidence of this mfection is low during February, March and Aprd 
In May, there is a small rise hut this is followed hy a dechne m the months wie 
and July In August, the curve rises suddenly to a 66 per cent level and during 
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September and October it is above 70 per cent After October tbe curve declmes 
rapidly and reaches its lowest incidence during the winter months The curve of 
incidence of P falciparum gametocyte infection follows the curve of P falciparum 
incidence 

Seasonal distribution of Plasmodium malariee infection 
Compared with the mcidence of the two other infections, P malariee infections 
are less common, but they are by no means rare At certain seasons of the year, 

Chart 3 

Seasonal incidence of P malariee infections , 



quartan infections are of fairly common occurrence The range of mcidence is 
smaller than those of the two other infections, bemg between a TnmmmTn of 4 per 
cent and a maximum of 33 per cent The seasonal distribution of quartan infection 
^s represented^ graphically m Chart 3 The curve starts at a 20 per cent level nj 
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Jnniinrv nncl doe linos ^M/uhiiilh to « 10 ppi cent ]c\ol in April After Apnl, the 
tnr\ 0 rises lajmlh niul loadios a IJ3 pore out lo\cl in June 

The season of innMimim pio\alcntc of P malaria infection is during May to 
Jul) Aftoi August till tlio close of the }oni, the incidence of the infection is Ioyt, 
except for n small use to 11 per cent in Octohci Tiic cune of P malarice gameto 
cyte infection follow s closel; tlie curie of P malaria' incidence 

CHAKT J 

Coinjxiraltvr iiicidmce of the tliiee infections 



For purposes of comparison the seasonal distribution of the three infections is 
represented graphically on the same scale m Chart 4 Subtertian mfections are i^i 
during August, September and October, a period when tertian infections are 
Tertian mfections are most common during February, March and April ® 











Table II 
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310 Seasonal Incidence of Tolmn, Siibloiian and Quartan Infections, 

siil)tcrtinn infections nre lo^^ Qunrlnn incidence is small in comparison with the 
Incidence of tertian and subtcrtinn infections Quartan infections are highest 
during hlny, June and July The observations on the mcidence of the three infec 
tions in this area (Hooghly District, Bengal) show distinct seasons of prevalence of 
the three infections, the quartan season in June, the subtertian season in Septemher 
and the tertian season in March 

2 Incidence of mixed mfcchons. 

In the cases studied, mixed infections were by no means rare A statement 
IS furnished abo\e (Table II) giving the incidence of single infections and of mixed 
infections, the character of the mixed infections and their seasonal distnbution 
Taking the sum total of these obscr\’ntions 121 mixed infections were observed 
in thin film examination in a total of 1,876 positive films, working to a gross mixed 
infection rate of G 4 per cent During the period November to February, mixed 
infections are infrequent They arc most common during June to October 

The relative incidence of the different combinations of mixed infections, taking 
the total number of mixed infections as 100, is furnished below — 


1 

P tiiar and 

P falaparinti 

1 

P utaz and 

P vialarta 

P malaricc 
and 

P falciparum 

P uiax, 

P malaricc and 

P falciparum 

GOl 

26 4 

06 

08 


The most common type of mixed infection observed is P vivax with P fo 
‘paiuin, which comprises 66 1 per cent of the total mixed infections observed ^ 
to this come mixed mfections with P vivax and P nialanw, which comprise 
per cent Mixed mfections with P nialaiiw and P falcipanm are less frequen 
and mixed mfections showmg the presence of aU the three species are very rare 

3 Incidence of gametocyle earners in the thee infections 

The following statement is a summary of the mcidence of gametocyte carriers 
m the three mfections — 



P vivax 1 

1 

P falciparum \ 

i 

P malaricc 

Number of positive films 

784 

943 

271 

Number of films with game- 
tooytes 

381 

390 

1 174 

Percentage of films with gameto 
cylcs 

48 6 

414 

64 2 
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The highest meidenee of gainetocyte carriers occurs in P malance infections , 
61 2 per cent of the films positive for P malance were observed to have gameto- 
cytes In P mvax infections, 48 6 per cent of the positives had gametocytes The 
lowest incidence of gametocyte carriers was observed in P falciparum infections in 
which 41 4 per cent were positive for gametocytes 

These results compare well with the figures obtamed by Kligler and Reitler 
(1928) while working m Palestine Their results are reproduced below — 


Kligler and Reitlei's (1928) findings 


P vivax 

P falciparum 

P malancB 

Cases 

positive 

Qameto 

oyte 

earners 

Percent 

age 

Cases 

positive 

1 Gameto 
cyte 
earners 

Percent 

age 

Cases 

positive 

Gameto 

cyte 

earners 

Percent 

age 

88 

38 

43 2 

127 

46 

36 2 

69 

39 

661 


These authors’ findmgs are that quartan mfections have the highest mcidence 
of gametocytes and that subtertian infections the least The gametocyte 
earner rates of Kbgler and Reitler quoted above, namely 66 1, 43 2 and 36 2 for 
quartan, tertian and subtertian infections respectively correspond fairly closely 
with the present author’s figures of 64 2, 48 6 and 41 4 respectively Knowles 
and Semor-White (1930, p 306) conclude from a summary of the results of 
workers all over the world, that the relative mcidence of films with gameto- 
cytes IS lowest m P falciparum infections and highest in P malance The 
present findmgs confirm their conclusions 

4 Seasonal incidence of gametocyte earners 

The mcidence of gametocyte carriers to the total positive cases is given 
m Table I and represented graphically m Charts 1, 2 and 3 These curves 
tend to follow the mcidence curve of the respective species But they 
do not brmg out the mdmdual variations m the mcidence of gametocyte 
carriers to the total positives of the same species This is dealt separately m 
this section 






















SJ2 Scai,oml Incidence of Tcitian, Snhlolkn and Quartan Infections 

P. vivav — 

Table III fiuiiislios details of tlie seasonal distiibution of ganietocytc incidence 
of P vivax — 


tatill hi 

Plasnioflmni vj\'a\ 


Pc nod 

JN’iiinbcr of 
poflitne 
filnis 

Ahimber of 
bims uitli 
gninotoc^ tes 

Percentage of 
films inth 
gainetocytes 

January 


3G 

Go 5 

Fobrunrj 

02 

30 

48 4 

March 

71 

31 

47 9 

Apnl 

71 

33 

4C3 

Jlny 

JS 

17 

44 7 

Juno 

72 

1 

3G 

1 

50 0 

JuK 

89 

22 1 

24 7 

August 1 

lOG 

47 

44 3 

Septemher 

G1 

37 

00 7 

Octolior 

18 

23 

00 5 

November 

5S 

29 

60 0 

December 

63 

37 

58 7 

Total 

78i 

381 

18 6 


The incidence of tertian gametooytes is generally high during the perio 
iSeptemhei to Januarj’- and it is Ion ei during the rest of the year It is at its lowes 
during July 
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P falciparum — 

The seasonal distiibntiou of gametocyte incidence is represented graphically 
in Chart 5 The details of the results of the observations are furnished in 
Table IV — 


Table IV 


Plasmodium falciparum 


Period 

Number of 
positive 
films 

1 Number of 

films with 
gametocytes 

Percentage of 
films with 
gametocytes 

January 

73 

31 

42 6 

Pobrnary 

30 

8 

26 7 

March 

27 

1 

12 

44 4 

April 

30 

24 

66 7 

May 

52 

23 

44 2 

June 

i 

62 

30 

48 4 

July 

68 

26 

38 2 

August 

211 

82 

38 9 

September 

146 

67 

46 2 

October 

96 

39 

41 1 

November 

69 

27 

39 1 

December 

75 

21 

28 0 

Total 

943 

390 

414 
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The incidence of P falcijwnnn gnmotocyles is high during two seasons, 
March to June and Sciitcmbcr to Noveinbci. 


Chart 5 

Incidence of Gamclocytc earners in die dircc infections 



P malai ice — 

The seasonal distribution of gametocyte carriers is shown graphically 
in Chart 6 Details of the findings are furnished in a statement below 
(Table V) 
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Table V 

Plasmodium malariee 


Period 

Number of 
positive 
films 

Number of 
films with 
gaiuetooytes 

Percentage of 
films -with 
gametocytes 

January 

30 

13 

43 3 

Pebruary 

18 

12 

66 7 

March 

16 

8 

63 3 

Apnl 

11 

8 

72 7 

1 

May 

21 

16 I 

76 2 

June 

60 

42 

70 0 

July 

42 

30 

714 

August 

35 

23 

65 7 

September 

13 

4 

30 4 

October 

14 

11 

78 6 

November 

6 

4 

66 7 

December 

6 

3 

60 0 

Total 

271 

174 

64 2 


A high, mcidence of P malance gametocyte carriers occurs durmg April to 
July and m October 

5 Intensity of infection 

Observations were made on the mtensity of the infection, by coimtinw the 
number of parasites observed in 100 microscopic fields of the thm film, out of a 
random selection of positive shdes A fairly large number of shdes were examined 
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in till'? innnnoi and flic icsnlls lln^o been fnbulafcd to furnish the average niimber 
of parasites per film, llie a^ erage nuinbei of gainelocytes per him, and the gameto 
c}te ratio (proportion of ganietoc}tcs to total parasites observed) These counts 
aic .subject to sonic xaiintion as a lesult of dtffeicncc in the thickness of the films 
and the inimbei of corpuscles cxaniincd but in ■mcv of the fact that the obsena 
tions co\ or a large number of films and tlic films ueic all taken by the same person, 
the error ns a result of such Aaiiations mn} not be considerable The results of 
these obsenntions arc discussed below — 

Taking all the rccoids together, the n\einge incidence of malaria parasites 
of the three species in the blood films examined is gnen m a comparable 
statement below — 

Avciage mimho of paiastlcs j)ci 2 Josi(ive film (100 fields) 


P tnoT 

P falcijHtnnn 

j P malaria: 

33 1 

27 9 

114 


These figures, based on a large number of observations, show that on the 
average P malance infectious have the least number of parasites, and thati’ wvax 
has the heaviest infection 

These results are not lu conformity with the general impression of workers, 
namely, that ‘ P falapantm infections tend to show a much heavier incidence of 
parasites in the film than do infections with P vnax or P inahnw ’ (Knowles and 
Senior-A^Tiite, 1930, p 300) The heavier average infestation (intensity of infection) 
observed in teitian infections in this senes, as compared with the average infestation 
in subtertian infections is not m a line wuth the common belief The average figure 
of 27 9 parasites per 100 fields in P folcijKOi( 7 n infections may appear to he low for 
subtertian infections Even in the present series of observations, very heavi 
infections with subtertian parasites have been obseived (Table VI) But while 
working over a large series extended ovei a w^hole year and striking the average, 
tertian infections show a higher average infestation than P falcipaiibn infections 
There are other likely factors contributory to the compaiatively low'er average 
infestation observed in P falciparum infections and a higher infestation in P 'V^vax 
infections It should be xemembeied that these figures represent amhulatoiy 
cases only, as the blood films were taken only from patients attending the treatment 
centre personally As such, the more intensive infections with P falcipaiwn m 
view of the too severe reactions that they produce, render the patients unable to 
attend the treatment centre personally and, therefore, the more intensive infections 
may not be represented in sufiiciently large numbers in these records This factor 
tends to lower the average infestation in P falcipaium infections There is jot 



il/ 0 T h/enqai 


317 


niiother factor that liclps to give a high infestation figure for P vivax infections 
In the hj perendemic area vherc these investigations were carried out, low infections 
witli P vtiax are not represented sufficient!} in the field treatment centre, as mild 
tertian infections do not produce sufficiently severe S) niptoms to induce the patient 
to go to the centre for treatment This would tend to raise the infestation figure 
111 P vivax infections These factors should be considered together in judging the 
degrees of infestation in the three infections In regard to P malante infections 
the author’s findings confirm Knowles and Senior-White’s view ‘ In general, 
perhaps the scantiest mfections are those with P malanoB’ 

The follov ing table gives the frequency of the varying degrees m the intensity 
of infection observed in the three species based on the number of parasites seen 
m 100 microscopic fields of thin films — 

Table VI 


Classification of blood films accoiding to the degiee of infestation 



1-10 

parasites 

11-25 

parasites 

S -s 

ciS 

S 

51-100 

parasites 

101-200 

parasites 

201-300 

parasites 

301-400 

parasites 

401-500 

parasites 

501-600 

parasites 

601-700 

parasites 

Total 

P vtvax j 

284 

193 

120 

87 

31 ^ 

10 

6 

2 

■ 

■ 

732 

P falciparum 

384 

213 

105 

59 

23 

6 

5 

1 

1 

1 

798 

P malance \ 

144 

87 

15 

1 
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Infections with P malance almost invariably have a low infestation , over 92 
per cent of the films examined had 1 to 25 parasites m 100 fields The heaviest 
infections were observed in P falciparum infections 

Considered from the point of view of the average number of gametocytes per 
film, P vivax has the highest number of gametocytes per film while P malance 
has the least This follows the same order as was observed in the average 
number of parasites 

Average number of gametocytes per positive film 


P vtvax 1 

1 

P falciparum 

P malance 

45 

38 

i 

29 
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The a\ornpo inimbei of gnmctoc) tes is least in P Wfl/ana; but hen compared 
to the total luimbci of parasites, the incidence of ganiotoc}tcs to the total number of 
parasites is much highoi in P malotia than in P faJcijiarwn or in P vnax The 
statement belou furnmhes the rcspectne percentages of the number of gametocytes 
to the total paiasites obserxed m the three infections 


Gnmcfocylcs raho 


P tiini. 

P falciparum, 

P malaria:, 

per cent 

per cent 

per cent 

13 5 

13 5 

25 5 

1 


Batio of asexual to sexual forms 

The ratios of asexual forms to sexual forms in the three infections accordmg 
to the observations of Kliglei and Reitler (1928) are as follows — 

P mvax 2 6 1 
P falciparum 3 1 1 
P mahnee 16 1 

In the present series of observations, the ratios obtamed are 
P vivax 6 4 1 
P falciparum 6 4 1 
P malaiicB 2 9 1 

These figures show a very much lower mcidence ot sexual forms to asexual 
forms m each of the three species than those observed by Kbgler and Eeitler, but, 
m common with their observations, the results show that P malaiux has the 
highest incidence of sexual forms 

Seasonal vai rations in the intensity of infection 

Seasonal variations in the average mtensity of infection based on the number 
of parasites observed in 100 microscopic fields are discussed below — 

P vivax — 

Table VII furnishes in detail the results of observations in regard to the monthly 
average intensity of infection, the incidence of asexual forms and of gametocytes 
and the gametocyte ratio in P vivax infections, 



Plasmodium vivax 
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:i20 S(’a<^amil I ncuJenre of Tioium, SuhteUian amj Qitailaii Jnfectiom 


Tl\o';c mo ropio^^oiitod prnpliKnlU in Climt G The avcrngt number of 

pmn‘>ilo‘^ pel film \aiicd liotnoon 20 mul 44 The infestation is high during Marcli 
coiiesponding to the spring use due to tertian relap'-es During August to October 
(licic IS anofhor rise in tlio intonsit) of infection After October the intensity of 

Chart G 

Plasmoduun \ ivn\ 



infection declines and is lowest during the winter months December to 
The incidence of asexual forms follows closely the intensity of infection 
variations m the incidence of P vivax gametocytes are represented on the same 
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clnrt The incidence of gametocjtes docs not show an} maiked relation to the 
intensity of infection and the rise or fall in the incidence of gametocytes does not 
correspond itli the intensity of infection On the other hand, there is in P vivax 
infections a small degree of negative correlation between the two factors, namely, 
intensity of infection and incidence of gametocytes which is expressed by the 
formula — 

7 = — 3462 ± 1704 

This does not show an appreciable degree of negative correlation but shows that 
there is absolutely no positive correlation between the two 

But when one considers the relation between the incidence of asexual forms 
and the incidence of gametocytes, there is a larger degree of negative correlation 
bet\\een the two factors This is expressed b)’^ the formula — 

7 = — 5514 ± 1344 

This negative correlation between the incidence of asexual forms and the 
incidence of gametocytes indicates that conditions which are favourable for the 
development of the asexual phases of P mvax in the human host are not favourable 
for the formation of gametocytes and that the production of gametocytes is more 
evident at a time when conditions are not quite suitable for the mciease of the 
asexual phases of the parasite 
P falciparum — 

The seasonal infestation figures for P fahipai urn infections are furnished m 
Table VIII below 

The results are represented graphically in Chart 7 The average number 
of parasites observed in 100 fields m P falciparum infections range between 
8 and 49 There is a big rise in the intensity of infection during July to 
September, and a smaller rise in March During December to February the 
intensity is low The big rise during July to September corresponds to the 
season of maximum prevalence August to October of subtertian infections 
observed previously (Chart 2) The intensity of gametocytes infection has 
two rises corresponding to the two peaks of high infestation in P falciparum 
infections , there is a rise during April and another during September To a certain 
extent, the increase of gametocyte infestation varies directly as the increase of 
general infestation There is here a fair degree of positive correlation between the 
average number of parasites per film and the average number of gametocytes per 
film durmg the different months of the year This positive correlation is not very 
high, but its value is expressed by the formula — 

7- = + 6879 ± 1256 

A similar degree of positive correlation is observed between the number of 
asexual forms of P falciparum and the number of gametocytes Its value is 
expressed by the formula — 

r = + 5012 ± 1446 
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Tlicsc results indicate that with an increase in tlie number of parasites in the 
human host, there is also some incieasc in the numbei of gametocytes, although 
not quite in proportion to the incicasc in the infestation It is seen that conditions 

Chart 7 

Plasmodium falciparum 



favourable for the increase of asexual forms of P falciparum are not adverse to the 
formation of gametocytes 
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P nuda)ia' — 

of ol)S(M\ alron‘< on llio •5pn‘?onal \nTintions in tin* intcnsit} of infection 
ami tin' im uUmk p of iiainptoi} tos arp finn)‘iliP(l in Tablp IX liolow — 

TAiinr IX 


Pla'^modium malaria? 
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s 

to 
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O 0 
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■£2 
o S' 

5 D 

Janunn’ 

)1 

211 

i 

78 

177 

5 7 

04 

21 

26 6 

FoliTOnry 

20 

I'.l 

7 C 

115 

5 8 

30 

IS 

23 8 

Mnroli 

22 

lOS 

7 f) 

131 

GO 

37 

17 

22 0 

April 

13 

89 

08 

00 

51 

23 

18 

25 8 

! 

May 

20 

333 

12 8 

228 

88 

103 

40 

313 

June 

32 i 

357 

11 2 

200 

8 1 

97 

30 

27 2 

JiAy 

31 

312 

1 

101 

237 

7 0 

75 

24 

24 0 

August 

1 

33 1 

410 

12 4 

293 

89 

117 

35 

28 5 

September 

11 

238 

21 0 

200 

18 7 

32 

i 29 

1 

13 4 

October 

14 

285 

20 4 

223 

15 9 

02 

1 44 

218 

November 

5 i 

180 

22 5 

125 

1 15 0 

55 

, 69 1 

30 6 

December 

0 

43 ! 

72 

29 

48 

14 

23 

1 ' 

32 0 

Total 

247 

2,807 

114 

1 

1 

2,090 

i 

1 86 

1 

1 717 

1 

1 

, 29 

25 5 


The results are represented graphically on Chart 8 The average numher o 
parasites per film ranges between 7 and 23 There is a rise in the intensity of m 
tion during May and a bigger rise during September to November 
December to April, the intensity of infection is comparative y low ® 
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intensity o£ gamctocyte infection vanes directly as the intensity of P malance 
infection A high degree of positive correlation exists between the average 


Chart 8 


Plasuiodiuin malarial 



number of parasites pei film and the average number of gametocytes per film 
This positive correlation is represented by the formula — 

r = + 8182 ± 0632 

^ATien one considers the seasonal fluctuations in the intensity of asexual forms 
in P malance infections in lelation to the gametocytes, there occurs a moderate 
degree of positive correlation between the two which is expressed by the formula ~ 

J == + 6831 ± 1008 
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The results that iii tnalarut infections a liighcr intensity of infection 
IS nlwn} s nssocmtecl ^Mth a liighc^r garnet oc\ tc incidence ith an increase in the 
intensity of infcctidn, thcic also occurs an increase in the incidence of gametocjtes 
and A ice \crsa The coi relation between the two factors intensiU of infection and 
the incidence of gainetoc^tes is even greater in P mahruc infections than was 
obscivcd in P falcijntrum infections 

It will be obser\ed that the three infections differ markedly in regard 
to the piodiiction of gainet orates ]n 7^ max infections, there is a negative 
correlation between the av erage intensitv of infection and the incidence of gameto 
c}lcs In P folciparuw infections there is a moderate degree of positive 
coiielatioii between the two, while in P niahtria infections the positive correlation 
is fairl} high 

y anal ions ui the gamelocylc ratio 

The gamctoc) te ratio is not cntiiel} a reliable factoi on which conclusions nia) 
be drawn Bj gamctoc>te latio is meant the proportion of gametocytes to the 
total numbei of parasites pei cent The variations in the gametoc)*te ratio may 
not always be a true guide to the variations in the gametocy te infestation For 
instance, when the intensity of infection uses and the incidence of gametocytes 
cither remains stationary, or shows a rise not entirely' proportionate to the rise 
of the intensity of infection, the gamctocyte ratio would show a fall This is 
illustrated by' Chart 7 AVlnlc there is a fair degree of positiv'c correlation between 
the lutensity of infection and gamctocy’te incidence, the gametocyte ratio varies 
inversely' with the intensity of infection On the other hand, in Chart 6, the 
gametocy'te ratio vanes iiiv'ersely as the intensity of infection and directly as 
the gametocy'te incidence As such, the gametocyte ratio does not always 
represent the relation of the gametocy'te incidence to the intensity' of infection 
Much reliance cannot thciefoie be placed on the variations in the gametocyte 
ratio 
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OBSERVATIONS ON DETOXICATION OF DABOIA VENOM 
BY HEPATIC LIPOIDS WITH A NOTE ON THE 
ANTI-VIPERINE POTENCY OF KASAULI 
ANTIVENIN 

BY 

Major G C MAITRA, i m s , 

AND 

Captain S M K MALLICK, i m s 
{Fiom {he Cevtral Research Institute, Kasauli) 

[Received ior publication, April 8, 1932] 

The destructive action of viper venom on animal tissues lias always been a 
source of constant trouble in routine immunization of horses for raising antivemn 
at Kasauli It invariably leads to the formation of extensive abscesses with 
consequent sepsis and lU health to the animals undergoing the course of immuniza- 
tion Attempts have been made to overcome this difficulty on many occasions 
but no satisfactory treatment of daboia venom prior to its use as an antigen has been 
discovered Acton and Knowles (1913) reported a successful method of fixing the 
hsemorrhagin of daboia venom by treating it with lung tissues of rabbits They 
reported favourable results but their technique was not adopted at this Institute 
probably on account of the difficulty of making this mixture aseptic and suitable 
for subcutaneous in]ections 

Maitra and Ahu]a (1929) tried various treatments of daboia venom to minimize 
its local necrotic effect without decreasing its immunizing property They treated 
daboia venom with weak solution of formalin with the idea of converting it into 
comparatively innocuous toxoids bke diphtheria toxoids They also tried 
combination of daboia venom with antivenm, citrated whole horse blood, weak 
permanganate solution and vegetable colloids such as gum acacia and tapioca 
The venom-aiitiveiun mixture was the only method which produced some favourable 
results, 1 e , the hoises came up to title with a dose of venom smaller than the usual 

( 327 ) 
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jnid Il)(' jii'tiolit. loaction ai llic sitr of injection Mas reduced to a small extent 
TlicN also attempted to nnmuni/c annnalH In aUorntion of the route of administia 
tion but did not meet encouiagm^' lesults (1930) Yellaid (1930) reported that it 
uas possible to icduce the Mrulcnce of Mperme xcnoins bx treating them \satli 
hepatic lipouls and that such treated xenoms retained their immiinuing power for a 
considcinblc time As we iind felt tlie neiessit) of rindiii" a v.ay to do away with 
the local necrotic cffci ts of daboia \enom this study was taken up to sec whether a 
preliminary tieatment of the \enom with hepatic lipoids could be of anj 
practical use m the routine manufacture of combined antivcnm (anti-cobra anil 

.inti-x ipci) 

We treated a snmpleof daboia \enom with hepatic hpoids prepared according 
to the following method — 

A whole fresh sheep-bver cleared of fibrous and other adx entitious tissues was 
minced ascptically as fai ns possible and dried at 37°C foi four day’s After this 
period the diiccl substance was giound finely with hroken glass pieces in a sterile 
pestle and mortal Tins reduced the li\cr suhstance to a fine hrowmsh powder 
which was divided into two parts , one part was extracted xMth 100 c c of absolute 
alcohol and the othei with 100 c c of cthei for 48 horns Then the filtrates from 
both paits wcie mixed together and allowed to exaporate m the incubator at 37°C j 
leax’ing behind an amboi coloured jclly’-hke mass This presumably contained all 
alcohol and ether solulilc extractives x\hich will henceforth be referred to as 


hepatic lipoids 

Before exposing the daboia x’cnom to the action of these lipoids it was dissolved 
111 noimal saline solution and mixed w ith glycerine (3 g to 1 g of venom) The 
mixture xvas evapoiated to a jelly’ To this was added 5 g of hpoids and the 
combined pioduct w’as incubated m a glass-stoppeicd weighing bottle at 37°C for 
txvo months 

Vellard does not mention the time foi which contact should he maintained 
between venom and the hpoids at 37°C but states that the desiied detoxication of 
the venom takes place m several xveeks oi months Aftei a lapse of two months 
we tested our treated daboia x’enom for steiility’ and it xvas found sterile The 
amount of actual daboia venom per g of mixture xvas calculated from the weights 


of its constituents and tlie final pioduct 

A batch of six guinea-pigs received w’eekly’ subcutaneous injections of daboia 
venom over a shaved area of abdomen Txvo of the batch received nntreate 
daboia xrenom commencing from 0 1 mg Foui leceived treated daboia venom o 
the same brexv in the same doses Local necrosis at the site of injection was looked 
for in guinea-pigs 3 days after each injection The doses wmre gradually mcrease 
m both cases It was found that whereas tlie contiol gumea-pigs leceixnng untrea e 
venom showed local necrosis and pus formation with 0 3 mg , those receiving up to 
3 0 mg of treated venom showed no local necrosis In some of the latter cases, 
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howcvci, the day after the injection loeal swelbng was noticed, which subsided in 
thiee 01 four days -without going to the purulent stage 

Encouiaged with the above obseivation, we began to immunize two young 
goats A and B m ordei to find out -wdiethei treated daboia venom could produce 
specific anti-bodies m combination of cobra venom as m practical immunization of 
horses at Kasauli These goats received cobra venom and treated daboia venom 
subcutaneously m the neck at w^eeklj intervals, starting from cobra venom 0 1 mg 
and treated daboia venom 0 1 mg The weekly doses were gradually increased and 
the presence or absence of local reaction noted in goats 3 days after each injection 
It was gratifying to note the absence of local necrotic reaction throughout the 
immunization period w'hicli lasted foi six months However, when the weekly 
injections were near 20 mg of each venom, we noticed local swelling but it 
subsided 

The observation dining the piocess of immunization of the two goats is shown 
m Table 1 

When the sera of both the goats were found of sufficient potency after a pre- 
liminary titration, they w ere bled and antivenm collected One c c of serum from 
each goat neutralized 0 5 mg of cobra \ enom and 0 8 mg of daboia venom when 
tested on pigeons After the above experiments it was decided to apply this 
method of immunization to one of the antivenm horses Horse No 5 was selected 
as it was notorious for developing unsightly abscesses, being very sensitive to the 
action of daboia venom The animal had been given his three months’ winter rest 
according to the routine here The anti-viperine potency of his serum ivas tested 
and 1 c c of it failed to neutralize 1 mg of daboia venom when mjected intrave- 
nously into the pigeon AVfien immunized {vide Table II) by a mixture of cobra 
1 enom and treated daboia venom, 1 c c of its serum neutralized 2 mg of daboia 
venom and 0 5 mg of cobra venom, the latter being the onlj standard of potency 
hitheito observed at Kasauli A photograph was taken four days after the last 
injection (cobra venom 60 mg and treated daboia venom 60 mg ) For purposes 
of comparison the horse on a subsequent occasion was given cobra venom 60 mg 
plus daboia venom 60 mg (untreated of the same brew as the treated one) in 
order to find out the difference in the local effects and another photograph was 
taken after four days of this dose A comparison of the two photographs {see 
Plate IX) will show to what extent the local reactions have been reduced by 
the preliminary treatment of daboia venom with hepatic lipoids 

In order to find out the anti-viperine potency of our antivenm, both fiom goats 
and No 5 horse, we had to ascertam the minimum capacity of 1 c c immune serum 
to neutralize viper venom Moreover, the routine of testmg our antivenm only 
against cobra venom is open to a certain amount of criticism as we cannot guarantee 
Its exact potency against viper venom, although it is alleged to be effective against 
both these poisons 
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Table II 


SIiou mg (he course of i)))mii‘>u::otiou of No 5 horse with cobia venom and heated 
daboia venom, an(t-v}] 7 crinc 2 )o(encg of tts seium befoie (he commencement 
of immunization being less than 1 mg pei cc 


Date 

Do'c 

Presence or absence of 
local reaction nt the 
site of injection 
after three 
days 

Neutrahzmg power of 
serum as tested on 
pigeons 

9-1-32 

C V 10 1112 + T D V 10 mg 
+ 1,500 units ATS 

Small BMcIliug IV Inch 
subsided gradually 

No pus formation 

1 

20-1-32 

C V 20 mg + T D V 20 mg 
+ lilOO umto ATS 

Small swelling No pus 
formation 


29-1-32 

C t 40 mg + T D V 20 mg 
+ 1,500 units ATS 

Small swelling 1 oz 
pus evacuated 


1 

8-2-32 * 

C V 00 mg + T D V GO mg 
+ 1,600 units ATS 

Small swelling J oz pus 
evacuated Photo 

graphed on 12-2-32 

lee neutralized 0 6 mg 
of pure cobra venom and 
1 c c neutrahzed 2 mg 
of pure daboia venom 

18-2-32 

C V 60 mg + untreated D 
V 60 mg (same brou as 

T D V ) + 1>500 imits 
ATS 

Very big swelhng (8 inches 
m diameter) photo 
graphed on 22-2-32 
i lb of pus evacuated 
on incision Kept on 
discharging pus for 
four davs 

1 c c neutrahzed 0 5 mg 
of pure cobra venom and 
lee neutralized 2 mg 
of pure daboia venom 


N B — A T S = Anti tetanic serum 


Since the technique of testing the potency of antivenin against daboia venom 
as described below has been introduced, we find that although our horses receive 
equal quantities of cobra and daboia venoms at each injection during their 
immunization the antigenic response for both the venoms is not by any means the 
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same. Foi mslancc, iccently 1 c c of u li disc's scrum neutralized 2 mg ofdabom 
venom but i( did not ncutrali/c 0 5 mg of cobra venom ivlien tested m pigeoas 
The level se can be true also 

^Vc non test e\cr\ sample of anfuenin against both daboia and cobra venoms 
before vc rcgaid the animals as up to titrc 

Tor the aboNc purpose it was desirable to fi\ up a standard of anti-vipeme 
potency which must be satisfied bj evciy brew of antivenin before it is passed for 
therapeutic use Kasauh antivenin in the past lias been very favourably reported 
upon by clinicians all over India in the treatment of Eussell’s viper bites with 
toxeemin So w e examined all tlic available brew s m our stock to find out the 
minimum anti-vipcrme potciic) of our antuenms {vide Table IV) As daboia 
venom wlien injected intramuscularly into pigeons gives inconsistent results, we 
adopted tlie intravenous lontc attempted a few years ago by Anderson'^ for the 
determination of the nimimmn lethal dose (i\I L D ) All the samples of daboia 
venom stocked licic were examined, ns a fixed M L D is essential for biological 
standardization The M L D 's of diffeicnt samples tested on pigeons of 300 g 
weight are given below — 

Table III. 


Sample No 1 daboia venom 

0 02 mg. 

0 

ft ft ft ft 

OOJ „ 

ft ft ^ ft ft 

0 02 „ 

»> ft ^ >» »» 

0 03 „ 

K 

ft >1 ^ ft ff 

0 02 „ 


From the above lesults the M L D w'oiks out as 0 02 mg m staiidaid pigeons 
Out of five samples examined, No 5 has been piescived in a desiccator and es e 
frequently for a full yeai It has constantly given an M L D 
pigeons ^ ^ 

For testing anti-viperine potency of Institute manufactured antivenin varying 
quantities of viper venom (usually 0 5 mg to 3 mg ) dissolved mice of norffia 
saline solution were added to 1 c c of the immune serum and the mixture a 
half an hour’s incubation was injected intravenously in a set of pigeons w 
another set of three pigeons receiving 0 01, 0 02, 0 03 mg of venom alone, 
as controls The nentralizing powder of the senim w^as regarded as being equn 
to the largest dose of the venom which when mixed with serum failed to 
24: hours less the M L D of venom as determined by the control test 


* Private commumcation to authors 
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The nnti-vipennc potencies of vaiioiis bio\\s of Kasauli autivenm as deter 
mined bj the •^bo^ e tecliniquc aie given in Table IV — 


Table IV 


Brcir of 
nntnenin 

Ncutnili7inp; 
power ngiwnst 
daboia \ cnom 

Brew of 
antn cnin 

Neutralizing 
power against 
daboia venom 

1 

V 1 

1 

2 mg 

V 9 

2 mg 

V 2 

1 

V 10 

1 » 

V 3 

2 

V 11 

2 „ 

V 4 

1 

V 12 

1 „ 

V 5 

2 

V n 

1 

V C 

1 '> 

V 14 

1 » 

V 7 

2 

V 15 

1 „ 

V 8 

2 „ 

V 16 

1 » 


From the results it is obvious that none of the sixteen brews tested had a 
potency less than 1 mg of daboia venom per c c of serum This we have adopted 
as a standard of anti-viperine potency of Kasauli antivemn 

In test pigeons the death usually occurs in two to three minutes with unsteadi- 
ness followed by asphyxia Immediate autopsies showed no signs of intravascular 
clottmg The death therefore appears to be due to action of daboia venom on the 
medullary centres and not to coagulation of blood in big vessels 

Those who survive, unless the venom is quickly neutralized, develop unsteadi- 
ness but finally settle down In a fatal case it is invariably noted that the bird at 
first sways forwards and backwards, then throwing its head back falls down in a 
state of opisthotonos and dies subsequently with convulsions 

Discussion 

From the above study it would appear that hepatic hpoids when allowed to 
remain in contact with daboia venom for a year at 37 '’C do certainly reduce its 
necrotic action on animal tissues Whereas m smaller doses there was complete 
absence of local reaction in horses, when the immunizing dose was increased to 
60 mg a certam amount of necrosis though remarkably less than the one produced 
by untreated daboia venom was noticed Probably a longer contact with hepatic 
lipoids may detoxicate the venom completely Treated venom when dissolved m 
normal salme formed an amber-coloured solution and m spite of continuous sha kin g 
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VUlll flh ss ItciKln a (t'llniii lunouni of u!a<c innUci rein, iinerl iii suspension 
These particles Mete prolniM} cellulai delms deined from tlie liver substance ,ss 
(he t3'picnl frothiim of (he soltdion pomted to the fact that the daboia venom Lad 
been dissohed 

The local swellmfr after injection of treated venom, not going to the necrotic 
stage we nttrdmte to the protein particles injecti'd along with tlic treated lenom 
If, however, ns Vellard points out, the detoxication of voperme venom is due to 
lecithin w Inch is alnindnnt in li\ er tissue, it may he worthwhile trjung the action of 
pure commercial lecithin on dnboia \cnom under similar circumstances 

SuMMxnv 

] The attenuation of the local necrotie effect of daboia venom by hepatic 
lipoids without interfering with its ummmwing power has been confirmed 

2 A biological test of ascertaining the anti-vipoi me potency of antivenmsis 
described 

3 The minimum anti-v'iperine potency of Knsaiili nntivenms is reported 
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.‘iSG Fihn/a^i<; n> Fomr Atra^ vi India 

Si hnol nnil mi’ii of I lie TIi.ilUi 0/1um s Jullundm Cit} , students at tk 

Meiliral School \mntsju , nion of Ao t Coniputn Jiulinn Hospital Corps, Lakie 
Cniiloiiioout Jiiul of thf' Ifoallli f)/li(cr s sortion Lahore Cit} At the Lahore and 
Julhiiulur eenties, I luid jju o})poiliiiij<-\ of exnnonm" persons coming from the 
North-^\est Frontier, from the lull ;ireas of Knngra, JCaslimir Gnrhwal, Nepal and 
Almoru nml from plains areas m the United Pros inces In ail one thousand persons 
wore o\ainmed The blood material was tnhen during the hours of 7 and 10 at 
night and the thuh films were treated with rccogm/ed methods of staining 

I am grateful for tlie personal interest and hind help gnen to me during this 
iiucstigntion In the Superintendent of Police, Cnil Surgeon, Head Master, Govern 
ment School, and the Officer and Staff Loss Field Exjierimcntal Station for 
Malaiia Pesearch, Karnal , In the Ueputv Commissioner, Head Master of the 
Nonnal School, and the irealtli Oflicei, Jullundm , by the Principal, Medical 
Sebool, Amritsar , and by the 0 C , No .J Company Indian Hospital Corps, and 
the Health Officer, Lahore 


III. Results obtained. 

A PlIYSICAJ. ASPECTS OF TirE PUNJAB 
The Punjab lias been divided into four natmnl divisions in each of which the 
general meteorological conditions arc believed to be fairl) homogeneous These 
are (i) the Himalayan, witli an average rainfall moie, but nowhere less, than 36 
inches , (ir) sub-Himalayan, wuth a rainfall 30 to 40 inches , (m) the Indo-Gangetio 
plain west, having an average rainfall of 24 inclies , and {w) the south-west dry 
area, with extremely light and variable rainfall {Imp Gaz , India, 1908g) 

The Punjab is subject to extreme vicissitudes of climate The temperature 
data given below have been taken from the records of the Meteorological Depart- 
ment, India, from 1921 to 1930, from the observations made at Lahore The 
temperature is expressed as mean of daily means 

The range of variation between January and February is 60 2°F to 65 5 F > 
between March and April, 66 2°F to 87 7°F , between May and June, 81 8°F to 
95 6°F , between July and August, 85 2‘’F to 92 0°F , between September and 
October, 74 4°F to 86 2°F and between November and December, 52 1“F fo 
65 3°F 

The general level of the Punjab excluding the Himalayan division is between 
1,000 to 1,600 feet above the sea-level {Swveyoi-Geneial, India, 1915) and wheat is 
the staple crop grown for sale {Imp Gaz , India, 1908^) 

> 

B Filaeiasis in the Punjab aeea 
The blood of one thousand persons examined at night between 7 and 10 P M 
m the Punjab area showed umformly negative results for filariasis 
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C Analysis or the results 
(1) Distubuhon of habitat of poisons m lelation to altitude 

0-500 feet, total 37 , 500-1,000 feet, total 729 , 1,000-2,500 feet, total 83 , 
2,500-5,000 feet, total G8 5,000-10,000 feet, total 83 

(2) Distribution of persons exainuicd in relation to the district areas 

The Punjab aica — Ambala, 6, Amritsar, 18 Cambellpur, 2, Delhi, 3, 
Ferozepore, 16, Gujran-walla 6, Gupat, 23, Gurdaspur, 17, Hosliiarpur, 30, 
Jlielnm, 9 , Jlmng, 5 , Jullundur, 143 , Kangra, 37 , Kama!, 215 , Lahore, 50 , 
Ludhiana, 30 , Lj allpur, 14 , Mianwab, 9 , Montgomery, 3 , Multan, 7 , 
Muzaffargarh, 6 , Rohtak, 9 , Shahapui, 13 , Sialkot, 18 , Total 689 

The V P area — Almora, 47 , Allahabad, 2 , Budaun 2 , Etawah, 1 , 
Girhual, 29, Gouda, 3, Hardoi, 2, Lucknow, 2, Meerut, 76, Muzaffarnagar, 
45 , Moradabad, 1 , Pilibhit, 2 , Rampur, 4 , Saharanpur, 17 , Sultanpiir, 9 , 
Total 242 

The Kashmii area — 26 , The Nepal area — 10 , The A -IF F area — 
Abbottabad, 1 , Attock, 1 , Bannu, 2 , D I Khan, 3 , Hazara, 8 , Kohat, 1 , 
Peshawar, 8 , Rawalpindi, 9 , Total 69 

(S) Distnbution of persons in lelation to age groups 

5-10 years, 6 persons, 10-15, 39, 15-20, 344, 20-25, 211, 25-30, 183, 
30-35, 120 , 35-40, 55 , 40-45, 12 , 45-50, 22 , 50-55, 3 , 55-60, 4 , 65-70, 1 

(4) Distribution of persons in relation to class and type of population 

Hindus — Police, 33 , School, 186 , Mihtary, 128 , General, 44 Moham- 
medans —Police, 64 , School, 149 , Military, 65 , General, 8 Sikhs — Police, 
11 , School, 48 , General, 1 Christians — Police, 1 , Mihtary, 3 , School, 1 
Depressed classes — (Sanitary), 258 

D Culex fatigans 

No general survey of the mosquitoes was undertaken, but the data kindly 
supplied by Captain P J Barraud of the Malaria Sur\ ey of India (and to whom 
mv thanks are due) point to the fact that C fatigans is one of the commonest 
mosquitoes of the Punjab 

He reports as follows ‘ Note on the distribution of Culex fatigans in the Punjab 
C fatigans is one of the commonest mosquitoes of the Punjab and occurs in all the 
districts of that province It is a domestic species and is especially abundant in 
towns In such places as Amritsar, Lahore and Karnal, this mosquito is found in 
enormous numbers m the eaily part of the hot weather, and may be found swarmmg 
in such places as bathrooms It is common also in the Simla Hills up to elevations 

J, MR on 
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of 0 000 or nioro Tho lar\.T nro found (liiofly in domestic collections oi 

u-itei and often o, ( itr in places m uhul. the ^sater is foul though tlle^ Imc 
been found m abundaiue in such places as roadside ditches, stagnant \utet 

in diains, water butts, etc 


IV. Discussion of results. 

The rthhondnp bducev filaria<^ts mul crrlaxn physiogrnphcal and agncullural 

ron(h(ion<x of the Icmnn 

Durn,.. ol,.nnntmn-. on f.InnaM, m Bil.ar and Ornaa, .t aas clcarlj- slo™ 
tlial lnfo.lioiil )3 F iaaomfti %ana‘. »,lh ll, a nnlurc of terrain ’''S'*';} “ 

sca-coaat I, oil, lush u, tho Oansol.c plau. (loool 0-250 feet) ""'i 
montane arahic areas Areas nth in nee cultivation appear to be tie 

centres (Korkc, 1^30c/) i^noMliPcl and 

The pins, cal aspects of Bihar and Orissa ha^e already . 

bore we may say that the conditions of temperature, humidity and certain 
factors arc expressed m the staple crop of nee (Korlcc, 1930 a and ) 

In the Punjab tlicsc conditions aic such that the staple crop is ‘ ^ 

two areas differ profoundly in regard to tlie prevalence of filanasis ^ 

Orissa It IS the common condition In tlie Punjab examination o e 

of one thousand persons did not yield a single positive resu 
C fattgavs is a common mosquito The most noticeable difference i 

of the land and the nature of the staple crop ^vetribiitiou 

Acton and Sundar Rao (1931) have given a ‘ Map of India showin^ dis 

of filarial infection based on examination of thick blood smears, (m w ic J ^ ‘ 

with filarial infection, areas with no filarial infection, and areas not snrveye 

sllOWD. I j -f-rnm AsSclTfl 

The infected aieas are widespread, and are shown extending coastal 

certain districts in the United Provinces Such areas also extend along e * 
regions of the Madras and the Bombay Presidencies MTien these areas ar 
m the light of altitude and the staple crop, it wiU be seen that infection is co 
in the levels between 0-250 feet , and is usually restricted to 
staple crop in these areas is rice {Imp Gaz , India, 1908 a to li, an 

General, India, 1915) ^jie 

An exception to the above observations is seen in a few isolatea c 
Central Provinces and on the Deccan plateau, like Bijapur and Bellary 
areas are over 1,000 feet above sea-level 

In the Central Provinces, rice is the most important crop in ^jc 

24 per cent of the cropped area {Imp Gaz , India, 19085) How far these en 
areas situated at a relative high altitude possess a high or low endemicity is n 
be determmed from the data supplied in the construction of the map 



F T Koile 


339 


Without being in a jiosition to specify -what definite relation there may be 
betueeu altitude and a certain agncultuial t 3 pc of land and the presence or absence 
of filariasis, the facts pointed out certainly seem to uphold some siieh relationship 


V. Conclusions 

1 Examination of the blood of one thousand persons taken at mght between 
7 and 10 p Ji failed to gu c any evidence of the incidence of filariasis in the Punjab 

2 A comparison of conditions in different parts of Bihar and Orissa and 
the obserrations now recorded in the Punjab suggests that there may be some 
correlation betv eon low altitude of a land and associated rice cultivation, and the 
occurrence of endemic filariasis 
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Bismuth sulphite medium was first introduced by Wilson and Blair in 1926 
for the isolation of B typhosus 

The rationale of this medium as explained by Wilson is as follows — 

(1) B typhosus IS able to reduce sulphite into sulphide m the presence of a 
fermentable carbohydrate Black colonies are thus produced on the medium 

(2) Bismuth sulphite m the presence of excess of sodium sulphite suppresses 
the growth of most of the colon group of orgamsms 

In 1927 they published some modifications and improvements on this medium, 
calling the modified medium ‘ Medium B ’ They claim to have got good results 
with this modified medium m the isolation of B typhosus from faeces and Belfast 
sewage Alhson has obtained good results with this medium in the isolation of 
B typhosus from stools of patients and carriers Gray, Begbie and Gibson have 
also isolated B paratyphosus B from Edinburgh sewage with this medium 

We had staited work with medium B when another paper appeared in April 
1931 in which Wilson and Blair suggested the addition of 2 c c of absolute alcohol 
to 100 c c of medium B The media finally developed are prepared m the followmg 
manner — 

To 100 c c of melted 3 per cent agar are added 6 c c of a 20 per cent solution 
of glucose, 10 c c of a 40 per cent solution of sodium sulphite (anhydrous) and 

( 341 ) 



.‘{12 Ih^mufh Si/}pJiit( Mrdnnn m flic holalion of Tj typhosus. 


“i ( ( of a ‘.I'uidanl hi^tiiutli ‘.olnlion A flrr l)oi]inp for minutes .nn additionis 
niadc of 1 j/in «'\‘<u(nf(’d sodium pliosplinte di‘i‘<ohrd iri 10 cc of boiling water 
and 1 ( ( of 8 per (eiit volution of ferrous snlplmtc tr}stals To it is then 
added 0 .’') ( ( of a I pi remit water\ volution of brilliant green nnd 2cc of absolute 
ale oliol 

The vt uulard lujunr bi'.mvlfit iv prepared b\ mixing GO gm of bismutli citrate 
\sitli lO ( < of divtilled water and then 20 e < of liquor mummna of specific graMty 

0 880 and finalh inalving the ^olunle up to 500 c c with distilled water 

It linv been stated by some that the bbukness of the colonics depends upon the 
brand of bisniiitli f itrate used , but different brands llint wc ba\c used have given 
cepialh good results in our hands 

It should also bo noted that the specific gravity of the liquor amiioniw as 
advocated bv "Wilson and Blair should be strictly 0 880, any deviation from this 
gives indiflerent results 

Nature of colonies and (he time (hat should clajisc before (hey should he studiei 

In "Wilson’s opinion discrete colonics of B typhosus on the medium are uni- 
formly black, small, flat and diy' with a metallic lustre To gam experience of the 
nature of the colonics we inoculated this medium with different laboratory strains 
of B typhosus '\’\‘e did not get the uniform results observ^ed by Wilson Some 
strains gav^e ty^pical colonies but on many’’ occasions the colonies differed m their 
characteristics and some strains reduced sulphite V’ery poorly It should he 
mentioned that fresh strains should alway’s be used in studj’mg the colonies, as o 
laboratory strains give indiflferent results 

As regards the duration of incubation at 37°C , 40-48 hours’ incubation is 
preferred With 24-30 hours’ mcubation, colonies were found to be too small an 
reduction of sulphite not marked enough for recognition 

Isolation of B typhosus /rowi stools and companson of results obtained with 

that of McKonhey's plates 

Twenty-five samples of stools weie examined fiom patients giving positive 
Widal reactions With bismuth sulphite medium B typhosus was isolated 20 times, 

1 e , 80 per cent positive , and with Mc'Konkey’s plates in 10 cases, i e , 40 per cent 
positive , when the findmgs were positive in both cases the number of B typhosus 
colonies was far greater m the bismuth sulphite medium 

Isolation of B typhosus from sewage of dyffeient sources, viz — 

(1) From septic tank efffuents (both raw and filtered, before chlorination) 

(2) From activated sludge plant 

(3) From Calcutta sewers and mam sewage outfall 
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Method of 'isolation 

Presli se^ age in cacli experiment was collected m sterile bottles and brought 
to the laboratory Examination was always done within 4 hours of collection 
About a dozen plates were used m each experiment Each bottle was thoroughly 
shaken and each plate inoculated on the surface with about | c c of the sample 
and spread over carefully with an L-shaped rod The surface was allowed to dry 
and the plates inverted and kept in the incubator at 37°C After 40-48 hours’ 
incubation suspected colonies were inoculated on a double sugar McKonkey’s plate 
contaimng lactose and saccharose The non-fermenting colonies vere tested for 
agglutmability with high titre serum If agglutination occurred the colony from 
which the bacilli was taken was subcultured on a nutrient agar slope After 24 
hours, morphology, motilitj' and the titre limit of agglutination were examined 
and different sugar tubes inoculated Only orgamsms conforming to all these 
tests of B typhosus were finally diagnosed as such 

(1) Isolation from septic tank effluents (both raw and filtered, before chlcnnation) 

Twenty-five samples of raw septic tank effluents were tested from diflterent 
places Of these 20 gave positive results, i e , 80 per cent , we then exammed 
whether the filtration process undergone by the raw effluent had any germicidal 
action on B typhosus Both raw and filtered effluents m same amounts were 
exammed simultaneously from difierent plants 10 times B typhosus was isolated 
on 8 occasions both from the raw and the filtered and there was no marked difference 
in the number of colomes found m either sample showing that practically no 
destruction of B typhosus occurred by filtration 

(2) From activated sludge plant 

Both raw sewage and final effluents m one particular plant was examined for 7 
consecutive days B typhosus was isolated 3 times (i e , about 45 per cent) from 
the raw but never from the final effluent, thus showing that B typhosus was destroyed 
in this purification process This is in agreement with our previous results 

(3) Incidence in Calcutta sewage 

The experiments carried out may be divided into two heads — 

(^) Exarmnation of different sewers of Distriet No 1 
(^^) Examination of sewage from mam outfall 

Durmg the monsoon when Calcutta sewers are flooded with ram-water off and 
on we failed to isolate B typhosus from either source due to growth of a large number 
of reduemg groups of colon organisms With the disappearance of the monsoon the 
coliform organisms also dimmished m number and positive results began to be 
obtamed 
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'• (i) Ejnmindlinn of fhfft n nt ‘:ni(r< of Vt^lricl ho 1 

Tln.h .-unpl.- vorr < vainimd in all ^v•tl. 20 pnmtn o findings i e, atout G61 
por ( < lit po'^it i\ <’ 

(ii) Eramoidlioti of '<ni(t(/( oritfoll 

n,.r.. ,.u, «,T.. In Kcndnlnr 10 H.raploa nerc ol 

in 10 .,n,,,l,. ne,c o.™..cd 

'’7)rim/lT.'irporio.l nn ol..<T^ncl that on mam mtaMOns ‘''= P'”*® “ 

mnili lilnilvinial tlml linn iim In-.-, and aKo w »» 

aa lo main. ,ln, nnnnalinn (l.llnnll I'roin .lannar^ nr inocnla d “ 

d.ops on r.nl, pinto and dncrmnnalion ,eat, we 

and Bclinian 20 sain])l('‘' ^\(‘re (‘\aniincd of 'vvlinli fO, , F 

poMlu P 

VmbdidI of li tl plioeus in 'onm/c ami slooU 
W.laon and Blnii loeoaciod B lypho^a^ fiom natnrallj 
atto. 5 noolis nhen KopI in a boWlo n, the lahoiatorj ^ ,n the 
o.xpeMraenta to find out the fate of B Irjyho^vi m naturalh infected 

''“Tan sonago gn mg a positive losiiH nas Icept m a ste.ik 

at room tcmpciatiiio and cNammcd fiom da) to da) or P ^ end 

B typhosvs Scvcial experiments ^^elc earned out To sta ■ f jt were 

expeiiment ro.igl.ly 1 B l,J]>hosm pc. cc of senage •■'"f ]j 3 ,„„eresaltsas 

negative tlic result was considered to be negative e did no ^ generally 

obtained by Wilson and Blair The sevage ''' tIo Lme results .ere 

from 3 to 5 days and in all our expeiiments vithm / days {yphsvs 

obtained when sewage was aitificially infected with about , 

pel c c , 

V -I ability of B typhosus m stools 

Several samples of stool giving positive lesults were examined in 

manner as in the case of sewage In this case also we foimd a 

disappeared in from 2-5 days, the longest period being T days 


Conclusions ,g 

(1) AVe have found bismuth sulphite medium to be much superior to Me 

plates in isolating B typhosus from stools Out of 26 samples , ,g plates 

was cultivated 20 times in bismuth sulphite medium whereas MeJxo y 

crave positive results only 10 tunes with the same material 

(2) B typhosus was culti\ated 20 times out of 25 samples of nna 
effluents of different locahties, showing that it is very common m septic tan e 
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It Ins tlso been sho^\ n tint filtration of septic tank fluid has very little 
germicidal action on B iyphosns whereas the activated sludge process has a definite 
germicidal action i •’ 

(3) From the tributary sew ers of Calcutta B typhosus can be readily cultivated 
Out of 30 samples evamincd from the severs of District No 1, 20 proved positive 
At the beginning the number of positive findings was small m the case of mam sev age 
outfall but in January and February out of 20 samples examined 10 were positive 

(4) In our experiments B typhosits disappeared from sewage and stools on an 
a\ crage betv een 3 to 5 days, and alv ays within 7 da} s Compared with temperate 
climates, the a lability of B typhosus outside the body is much shorter m the tropics 
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in the non-Muilonl fonn^-, and Avliicli {li‘!n])pcars from tlic vmilent forms as they 
arc ‘ (lef'iiuled 1)> \ annus moans into tlic nMrulont t} pc Tlie importance of the 
caiboln diato fi act ions in pnouinococcus nnnuinity lias been demonstrated by 
sc\cial ^\ol]vOls h'oi o\ninplo, Gnspari, Flcmiii", and Neill (1927) have shown 
that the loss of the specific c aibolijdiatc of Tjpc II pneumococcus involves the 
loss of the antmenio jiiopeifios concerned in both active and passive protection of 
mice Tlie> coiHludo that the antibodies to which protection is due are closely 
related to, if not identical with, the specific nntibod} to the carbolnclrate fraction 

The question of the lolation between Miulencc and earboh}clratc fractions 
in the vibrios vmU be discussed below 

hlATLRIAL AXD MmilODS 

1 Stiams — Ten stiains of vilmos have been used in this study They were 
chosen to covmi a wide range of somcc aiic] characteristics (Table I), and include 
agglutinating vibiios from cholera cases (Ch 1, 2, and 4) , a strain (Ch 1 A) which 
only differs from Ch I in being icsistant to cholcraphagc T^qie A , and Ch 3 which 
IS a rough stiam fiom a choleia case Three non-agglutinating wmter vibrios were 
also used (W 1, 2, and 3) and two non-agglutmating vibiios which w'ere isolated 
from stools of cholera cases No agglutinating vibrios w^cre obtained from these 
stools 

As a control of the specificity of the precipitin cioss-reactions, carbohvdrate 
material was used which had been obtained fiom strains of B typhosus and 
B dysenlencD Flexnei 

These strains had been isolated at inteivals ranging from a few weeks to three 
years before use There is at present no evidence either for or against the view 
that prolonged laboratory cultivation may alter the character of the carbohydrate 
constituent It is obvious that more information would be gained on this point, 
which is at present under closer investigation, by the use of cultures havmig widely 
different dates of isolation 

Table I also gives the agglutination titre of the agglutinable strains with 
standard Kasauli serum, the time necessary for coagulation to occur m the extraction 
process described below, and the roughness or smoothness as showm by the test 
with Millon’s reagent (VTiite, 1929) 

2 Method of extraction — The organisms w'ere sown on Eoux bottles, and 
incubated for 48 hours The growth was then waslied off m normal saline, and the 
solution brought to an acidity of N /20 with glacial acetic acid Thirty bottles were 
dealt with as a unit, and the final volume of washings avmraged 750 c c The 
bacterial mass was boiled on a sand bath under a reflux condenser until coagulation 
occurred (Table I) The coagulated mass was allowed to cool, usually in the ice-box 
overnight, and then run several times through a Sharpies supercentrifuge until a 
semi-opaque brownish solution was obtained This solution was precipitated w'lth 
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Table I 


List of strains of vibno used m the present investigation 


No 

Ongm 

Approvimatc length 
of time since 
isolation 

Titro of agglutina 
tion reaction with 
Kasaiili antiserum 

Coagulation 

time 

Millon’s test 

! 

Ch 1 

Clinical 

cholera 

IS months 

1 2,500 

6 hours 

1 Smooth 

Ch lA* 



1 600 

6 hours 

Smooth 

rough 

Ch 2 

Clinical 

cholera 

5 months 

1 

1 1,000 

12 hours 

Bough 

Ch 3 

Clinical 
cholera j 

12 months 

1 1 1,600 

10 minutes 

j 

Rough 

Ch 4 

Clinical * 
cholera 

12 months 

i 

1 600 i 

i 

1 hour 1 

1 

Smooth 

W 1 

Water 

6 months 

Non agglutmable 

3 hours 

Smooth 

tv 2 

Water 

6 months 

Non agglutmable 

1 hour 

Smooth 

W 3 

Water 

3 years ' 

Non agglutmable ^ 

7 hours 

Smooth 

xit 


1 month 

Non agglutmable 

2 hours 

Rough 

X2 


1 month 

Non agglutmable 

2 hou^ 

Smooth 


* This strain is similar to Ch 1, oxcept that it is resistant to Tvpe A choleraphage 
t Strains X 1 and X 2 are non agglutmable organisms from choleia stools Wo agglutmatmg 
■nhrios "were found in these t-wo stools 


three volumes of 90 per cent alcohol, and placed m the ice-hox overnight The 
heavy precipitate was pipetted off, separated from the alcohol as completely as 
possible by centrifuging, and taken up m 200 or 300 c c of water Insoluble matter 
was discarded and the solution again precipitated with alcohol As before, the 
precipitate was freed from any remaining insoluble matter and dissolved in 100 c c 
of water, where it formed a clear, brown-tinged solution, with a faint but unmistak- 
able biuret reaction It was strongly acidified with glacial acetic acid, and boiled 
After coohng, the dark brown flocculum which had appeared was centrifuged off, 
and the supernatant fluid, which was now biuret negative, was precipitated with 
three volumes of alcohol The precipitate was dried, weighed, and dissolved in 
approximately 11/20 HaOH to make a 1 per cent solution The yield from thirty 
bottles averaged 500 mg ^ 
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A (Ictnilod ( homicnl ni\nK of tins mnlciml from the various strains listed in 
Table 7 is nov boiriG; made It will be sufficient to indicate here that 1 per cent 
solutions of these substances jjne negatisc biuret Villon’s, Hopkms-Colc, and 
\nntlioprotoi( reactions Tlic} yield an intense purple colour with Mohsch reagent, 
and the reaction is e\ idont c^cn at a dilution of 1 1,000,000 Boiling the solutions 
w ith dilute acids brings about the production of substances w'liicb reduce Behlmg’s 
icanciit 

3 Tcclimquc of aqqlvhvohon and j))cci]a(aiton fests — Tlie agglutination 
tests were earned out b-\ Dre\cr’s technique After incubation at 56° for 2 hours 
the tubes were put in the ice-box overnight, and final readings then recorded 
Agglutinating sera were made to five of the strains, namely Ch 1, Ch 2, Ch 3, 
Ch 1 and V* 1 The reactions of the strains to Kasauli serum were also 
obtained Babbits were injected with increasing doses of killed vibrios at 
w ceklv intervals for three w ccks, and the scrum tested after an interval of 7 to 
10 days 

For the precipitation test 0 2 c c of the undiluted serum was added to an equal 
quantity of the 1 per cent solution of the extract After mixing, the tubes were 
incubated at 37° for tw'o hours, placed in the icc-hox overnight, and the readings 
recorded It w’as found that to obtain a satisfactory precipitating serum for these 
strains, intensive immunifiation must he used over a relatively long period 
The rabbits were given three injections of killed suspensions of the vibrios on 
alternate days, and then allowed to rest for a week The injections were then 
repeated The number of vibrios in each dose was gradually increased, during 
the injections, from approximately 500 million to 3,000 million, and the period 
that elapsed before a satisfactory titre was reached was usually twelve wrecks The 
precipitin titres for the homologous carbohydrate extracts at the end of the 
immunization period lay between 1 100 000 and 1 500,000 , m one case 

only (W 1) was a titre of 1 1,000,000 reached "When these sera were used in 

the agglutination test the results were the same, wuth noii-agglutmatmg organisms, 
as when sera from less intensively immunized animals w^ere used 

Results 

The agglutination and precipitation cross-reactions between the various strams 
and antisera are set forth in Table II 

With two exceptions (Ch 3 antiserum with strains Ch 2 and Ch 4), which will 
be mentioned later, all of the Ch antisera and the Kasauli antiserum agglutinate 
all of the vibrios from cholera cases, and none of the other vibrios The antiserum 
to the water vibrio (W 1) agglutinates only its homologous organism and W 2 
The Flexner and typhoid strams are not, of course, agglutinated by any of these 
antisera 



Table II 

A comparison between agglutination reactions (whole organism^) and pieczpilalion leachons (carbohydrate 
extracts) in agglutinating and non-agglulinatmg strains of vibno 
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The agglutination reactions are indicated simply as positwe (+), or negative (0) Tiie precipitin reactions ate indicated as follows 
++++I complete clearing, -1-++, heavy flocculum, incomplete cleanng , ++, light flooculum, no clearing, +, floconlnm visible with 
hand lens , ±, doubtful , 0, negative 
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Tiirmn" to the results of tlio prccjpitni tests, it is at once obvious that the 
use of the (arbolndinte fiattion ‘'i\cs quite a different picture of the relation 
between tlie proiips of a ibrios The table shows in ficneral tliat cross-reactions are 
jiresent whidi run throuf;h the three groups (Cli, AV, and X) and that these cross- 
reactions are obtained with all of the seia used Tlic caihoh^drafe fractions, then, 
if not identical, areal least close!} iclated in the agglutinating and non-aggliitinatmg 
organisms 

Since Kasatili antiserum was used as a standard antiseiimi to test the agglu- 
tinabdil} of the \arious organisms its reaction in the piecipitation test was also 
tried As the table sliows, it jirecipitates with the caiboh 3 drate of one of the 
agclutmating organisms, and of three of tlic non-agglutinating shams A negative 
precipitin test with this antiserum is not informative, since it is primarily an 
agglutinating serum The positnc lesiilts, liowevci, aie mipoitant in showing 
further that cioss-rcactions between the carboli} drates of non-agglutinating strains 
and antiseia of agglutinating strains do occur 

Considering now the exceptions to tlie general statements which have been 
made, it is interesting to note that all of tliese exceptions relate to strain Ch 3 or 
its antiserum This stiaui is markedly different to tlie other strains used It is 
extiemel}’’ rough in its growth, forming closely knit masses of organisms which are 
removed from the surface of the agar with difficulty On boiling it coagulates at 
once, and the yield of cai bohydrata is only about one-half as much as vrith the 
smooth organisms As show'zi m the table, the cross-reactions of Ch 3 carbohydrate 
are doubtful wutli antiserum Ch 1, negative with antisera Ch 2 and 'SV 1, and weak 
with the other two antiseia Its precipitating antiserum gives only a doubtful 
reaction with the extract of X 1, and its agglutinating seium fails to react with 
strains Ch 2 and Ch 4 

A detailed investigation of the caibohydiates fiom this and other longh strains 
is at present in progress 

The ext] act of strain Ch 1 A, which is strain Ch 1 made resistant to Type A 
choleraphage, does not difler from the extract of the parent strain in its reactions 
to the various antisera This resistant strain has tended to acquire some oi the 
properties of roughness, as shown by its reaction to Millon’s reagent, and by the 
type of growth it exhibits It is far, however, fiom being a rough organism of the 
type of Ch 3 

None of the antisera reacts with the carbohydrates derived from the Flexner 
and typhoid strams, showing that at least in respect to these two organisms we 
are dealing with a carbohydrate specific to the vibrios 

Discussion 

From the evidence which has been presented it is clear that these strains of 
vibrio, with the possible exception of the rough strain, contain a common or closely 
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related precipitable carbohydrate fraction Homologous and heterologous antisera 
precipitate these substances, but do not precipitate similar fractions from 
B dysentei ice Flexner or B typhosus The question of the relationship between 
the fractious from the different strains will, it is hoped, be settled by the chemical 
analysis now under way 

That serologically distinct groups of vibrios should have non-protein fractions 
which precipitate with heterologous antiseia recalls the work of Hitchcock (1924), 
in which he showed that immunologically distinct groups of hasmolytic streptococci 
also yielded substances which were non-type specific and gave cross-reactions 
Lancefield (1928cr) found that this species specific substance uas probably a 
carbohydrate 

It IS probable that we are dealing here with a non-type specific fraction of 
Vtbrio Whether this carbohydrate is species specific, it is of course impossible 
yet to say, since there is no accepted criterion for determimng the characteristics 
which diBerentiate the various species of the genus Vtbno If the case is analogous 
to that of Streptococcus hcemolyticus, the agglutmable and non-agglutinable forms 
of Vibrio would rank, on the basis of the present findings, as types of a single 
species 

IITien an antiserum to an agglutinating orgamsm does not react with a non- 
agglutinating organism, but does, as in the present case, react with a fraction of 
the same organism, it is obvious that this fraction cannot be responsible for the 
non-agglutmabdity It is possible that this difference will be found to depend 
not on the difference of proteins in the tu o groups, but on the different antigenic 
complexes of protem plus carbohydrate in the agglutinating and non-agglutinatmg 
vibrios 

In respect to a possible relationship between virulence and carbohydrate 
content m the vibrios, analogous to that found in the pneumococci, it is clear that 
the truth must be found in one of the followmg categories 

1 The carbohydrate, as in pneumococcus, is present in virulent orgamsms, 
and is absent in the non-virulent forms 

2 The carbohydrate of the genus Vibrio has no connection with virulence, 
and this characteristic mav be connected with some other factor, similar perhaps 
to the protem-hke M factor of virulent heemolytic streptococci, described bv 
Lancefield (19286) 

3 Virulence in the genus Vibrw differs from virulence m some other organisms 
uhich have been mvestigated bv havmg no connection with auv particular cellular 
constituent, but is a function or result of the activity of the cell as a whole 

Further work is needed to determme which of these possibihties will prove 
correct for the genus Fi6no, or for Vibrio cJiolerw, if mdeed such an entity exists 
as a species ’’ 
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Summary . 

Tlio ‘’Oioloj.'jrnl ]rn( lions of n jnceipitnblc, non-type spccificj carbohydrate-hke 
fraction isolated from npr'lntinatnijr non-n^jglnt mating, rongh, and smootli strains 
of Vibrio aie described Tlie possible rtlntioiisbips of this substance to virulence, 
.md its nnnlogies with similar substances fioin other organisms are discussed 
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I Introduction 

In 1881 Robert Koch first introduced the solid culture media in bacteriology 
Since then bacteriologists have incessantly studied the requirements of bacterial 
growth and developed an almost perfect technique for their cultivation This 
alone made possible the study of morphology, biology, chemistry, antigenic 
properties and structure of the bacterial body Compared to this achievement in 
bacteriology, little is known about protozoa This has been chiefly due to the 
inability to grow protozoa in a satisfactory manner Of true phylogenetic 
relation there is none whatsoever between a bacterium and a protozoon, the 
former is a plant as much as the latter is a umcellular ammal organism 
The parasitisms of both groups of disease-producing ^microbial organisms have, 
however, one factor m common — that they have to live and multiply on the 
resources of the host’s body Judging from this side, while the bacterial cultiva- 
tion has been so successful, cultivation of true, protozoal parasites should 
not be an impossible task It is natural to expect that success will depend 
largely on ingenious methods of preparation of media and their presentation 
to parasites must correspond to the physical conditions in which they usually 
survive and multiply It will mainly be a question of overcommg technical 
difiiculties 

In the cultivation of protozoa we have to consider (1) their complicated life- 
cycle, (2) the complex nature of the body structure, (3) the varied methods of 
nutrition, and (4) marked features of their selective organ or organs of location in 
particular susceptible host bodies The writer’s experience of various blood 
flagellates shows that they are capable of fairly rapid multiplication, if only they 
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nro grov.n on ';infn])lc media nndoi optimum conditions Unlike bacteria the 
rate of multiplication of a proloj'oon is much sloucr and so also unlike bacteria its 
nnilliplitation is continuous under fn\omablc conditions It appears that the 
logarithmic phase of grouth is a faiily piolonged one , this becomes evident from 
the licav} giouth of painsitcs capable of being produced and from comparatively 
feu dead parasites met uitli ulicn examined under tlic microscope 

Although the life of a pioto/oon is a complex biological process yet its demands 
in artificial cultivation lunc often been found to he remarkably simple This is 
true uith free living pioto/oa .ind the sapropliytcs the pathogenic protozoa on 
tlie other hand require blood as an essential constituent m the medium and aie 
much more exacting in their food requirements foi growth The following 
observation made as legards the food requirements of Leishmania parasites 
might prove of some help to the cultivation of other protozoal parasites It has 
been found that glucose is an important source of energy to the parasites and 
inclusion of glucose in culture media is essentia! to obtain satisfactory and rapid 
growth Blood containing complex proteins is evidently the most significant 
requirement for animal parasites It has been found that the senun supplies 
the nitrogenous organic food substances and the constituent of the red cell 
acts as a stimulus to growth , neither serum noi haemoglobin alone produces 
good growth It has also been noticed that inclusion of simple protein and 
protein derivatives further increase the efficiency of the media It is an 
interesting fact to note that pathogenic parasites require a wide variety of 
protein m the media In bacterial cultivation mineral salts play a trivial 
part and little is known about it In cultivation of blood flagellates the writer 
has noticed the importance of various mineral salts Greater care should 
therefore be taken m selection of salts in protozoal cultivation It seems these 
organisms grow better under partial oxygen pressure In preparation of culture 
media foi any protozoon it la advisable to use the blood of a susceptible animal 
and great care is to be taken to embody m it the nearest approach to the natural 
conditions, namely, the sites of location of the parasites in host’s body, the 
physical conditions that prevail there and the metliod adopted by the parasites 
to take their nutrition from the host’s body 

Considering all these factors and by devising new and suitable techniques, 
it is expected that protozoal cultivation can he brought to a successful issue 

II Resume oe previous works on cultivation oe Leishmania 

PARASITES ON SOLID MEDIA 

The successful cultivation of blood and insect-flagellates on the surface of 
glucose-blood-agar plates was first carried out by Noller in 1917 It was by a 
simple ingenious method that he was able to cultivate with considerable success 
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L clcvocepJiah, L fasciciihta, T melophagntm, L donovam, and various other 
trypanosomes The medium he used consisted of — 

4gar-af;ar 10 g 

Grape sugar 10 „ 

Slightly alkaline hoise flesh bouillon 1,000 cc 

These were heated in boiling water sufficiently long to dissolve the agar and 
kept standing overnight Next day the agar mixture was again melted, filtered 
through cotton-wool and passed into sterile tubes, 12 to 18 c c in each tube The 
tubes were then sterilized in a steamer for 45 minutes on two successive days and 
stored m a cold place Before use the agar mixture in test-tubes was melted 
and at a temperature of 50°C , an equal quantity of defibrinated horse’s blood was 
added to it and the blood and agar were then thoroughly mixed and poured into 
special Petri dishes (10 cm by 2 cm ) The plates were then set in an ice-chest and 
inoculated as soon as set They were then incubated at 22°C upside down and, 
to prevent contamination and drying, a small quantity of 0 02 per cent corrosive 
sublimate solution was constantly maintained on the bottom of the lid 

Noller obtained good growth of Letshnama donovam on the sixteenth day 
after the inoculating material had been taken from the NNN medium and the 
tenth day after inoculation had been carried out from one plate to another 

By following Noller’s technique Mayer and Ray (1928) grew various Leishmania 
parasites on a somewhat modified Noller’s medium The following is the medium 
used by us — 

Agar-agar 30 g 

Grape sugar 20 „ 

Slightly alkaline Liebig’s broth 1,000 c c 

"We were not only successful m growing various Leishmania parasites but at 
the same time observed that various species of Leishmania produced different 
types of growth on the surface of the medium Leishmania donovam grows on the 
streak without true lateral outgrowth — Leishmania tropica gives luxuriant growth 
and shows three distinct zones, a thick middle zone surrounded by a thinner zone 
from which extend parallel outgrowths — Leishmania brasiliensis grows in a thin 
surface fihn without any outgrowths from the margin The rate of growth among 
various species w^as also observed to differ considerably These different types of 
growth can be explained on the basis of the mode of progression, general structure 
of cytoplasm and rate of sedimentation of individual types of Leishmania 
parasites 

Although much satisfaction was derived at the successful cultivation of various 
Leishmania parasites, specially because they are the agents of a number of diseases 
that prevail all over the world, the author was not satisfied at the slow rate of 
multiplication noticed on the plates from day to day , heavy growths were not 
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uvailrtblo bcforo 10 to 12 dtws and cbaractcnstics in types of growth could not he 
asiertained before 15 dn}s Apart from disad\antagcs that such a prolonged 
oullnnlion would cause to rescauh woikers and in preparation of vaccine, there are 
otlier senous objections The longer the media is kept in the incubator, the less 
liccoines its onicienc> As the o'\ha;moglobin changes, the medium gradually 
takes on a chocolate coloui due to inethaemoglobin which has a greatly diminished 
powci 111 earning oxjgeii Sccondl), as the parasites grow certain toxic 
jnoducts of then metabolism are formed which, if allowed to accumulate by too 
prolonged a cultuation would cause lujut) and alterations to the growing parasites 
Tliirdl} , a certain amount of lucmol} sis of the medium takes place, ownng either to 
0117} mes 01 acids or toxic products produced during the process of protozoal 
multiplication which makes it impossible to obtain pure cultures free from blood 
and extraneous matters 

Since 1*128, the author has been trying to produce a medium on which a 
luxuriant grow tli of these flagellates by more rapid multiplication within a few days 
could be made possible After all, artificial cultivation on a synthetic medium has 
one advantage, namely, the parasites are not subjected here to the adverse 
influences of the defensive mechanism of the host’s body Considermg the 
delicate structure of Leishmaiiia parasites wdiich is so much exposed to external 
influences for want of a protecting membiane and the simple method of 
osmosis that they adopt m getting then food material, I could, however, 
think of no othei better technique than the one advanced by Noller M} 
attention was theiefore chiefly directed to improve the culture medium in order 
to supply all the food requiiements and to determine the optimum rate of 
growth produced by each of the constituents Further, great care was taken 
in preparation of the medium so that it might fulfil the many-sided requirements 
of an ideal medium For the sake of economy in culture medium and work, 
the cultivation of these parasites has also been tried in test-tubes , aftei a 
great many experiments with test-tubes of various shapes, I have been able 
to devise a special type of test-tube which is extremely simple to work witb 
and never fails to give full satisfaction As the parasites multiply the growth 
appears imtially transparent, glistenmg Idee a dewdrop, then gnes a whitish 
translucent appearance which passes over to almost white, then to a greyish white 
massive growth 

III Preliminary notes on preparation of a solid culture medium 

The essential characteristics of a solid medium aie its adequate consistency 
and inherent quahty of lugh grade diffusibility Agar-agar, the '?eaweed-gel, 
imparts the desired sohdity, durability and resistance to the medium and, as it has 
the property of absorbing a large quantity of water by molecular imbibition, it 
serves the purpose of a culture medium admirably The efficiency of solid medium 
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for cultivation of flagellates will gieatly be enhanced if, along with other food 
1 eqiiircments, an abundance of water m pliysico-cliemical union can be incorporated 
into it The flagellates growing on the surface of the medium must have the constant 
supply of fluid as thej are subjected to rapid evaporation for want of an adequate 
protecting membrane enclosing the protoplasmic content Watei is the essential 
constituent of protoplasm and without this, it cannot function Besides it functions 
as a good heat absorbant, thus acting as a buffer by takmg and giving up heat 
generated by the process of protoplasmic metabolism, it has another remarkable 
property from the point of view' of the preparations of a medium Water dissolves 
all the substances that the organisms require for nutrition On the other hand 
solid agar medium has essentially the properties of a gel , it consists of two distinct 
phases one solid and the other liquid As it contracts due to pressure exerted 
by surface tension, the liquid food-stuff is squeezed out on to the surface of the 
medium, when the plates are kept upside down, and thus becomes available to 
flagellates 

It IS clear from this that agar-agar, besides lending suppoit to culture medium, 
has other physical properties wdiich are of great importance It has been suggested 
that an interchange of reactions takes place between the medium and orgamsms 
that grow on it, the agar-agar giving up the food-stuff due to its property of contrac- 
tion and takmg in by absorption the waste products of oigamsm This is perhaps 
one of the reasons for the rapid multiplication of flagellates that takes place on the 
solid medium 

IV Preliminary experiments on preparation op the cultitrp 

MEDIUM 

In order to achieve success, tw'o factors are to be followed in preparation of a 
culture medium, namel}' , composition of nutrient material and the physical condi- 
tions iindei which the medium is to be offered to the parasites 

A Physical condition comprising the consistency and diffusibility 

of the medium 

(1) Powdered agar was found to be useless , even as much as 4 per cent agar 
failed to give adequate consistency to the medium , apparently it has a greatly 
dimimshed powei of absorbing water and holding it m physical combination wuthin 
it In preparation of the medium other agar-agar (fibres) must be used 

(2) To determine the most suitable percentage of agar wdiich will lend adequate 
support to the medium against the sheering stress of a platinum loop and allow the 
subsequent washing of the culture from the surface without admixture of blood and 
extraneous matter, the mediums consisting of 1, 1 5, 2, 2 5, 3, 3 5 and 4 per cent 
agar were prepared and at 56°0 varymg proportions of defibrinated horse blood 
was added, thoroughly mixed and poured into Petii dishes They were allowed to 
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sn.h e ■ ' , ""° """ ™ “d® to allo/o larger 

(0 0 ,1 m ,1 T ’’r'™"" ■’'’“'P''on of rralcr Tl.cy .l.or.Id tl.cn be alio, fed 
un.fofm , lo" tcmperat,™Tosoltmg.n 

,vool li,o'"""'“ ! " "’’dt' ""d fi'teimg It tbroiigli cotton- 

nf Pio'f'f lumcce&^rai}, as the} tend to soften the mcrlmm and deprive it 

ol Its onpinal consistency ^ 

^^^"tioned tliat agai-agai absorbs \\atoi and liolds it in a loose 
pJnsico-clieniical combination AMthin it AMien the agar medium is 
stenl izoc in the autoclave at 120°C unclci pressure of 15 lb it has been found to 

mi " + ^ ^ pioperty , i e , attraction foi water to a considerable eaXtent 

ei o com ensation oo/es out of the medium fiecly uhen plates are inverted 
f \ ^ t-oi^iwiativcly slioit time the medium turns out to be dry and 
imsiutable for rapid multiplication of flagellates The mixmg of the mgiedients of 

e medium should becained out m a water bath and then sterilized m a steamer 
on two successive days 

B Notes on the expeiiments regoidzng the coviposition of the cidtwe 

medium 

+ fl cl ^ possible here to give m detail the numerous experiments undeitaken 
TTiPrlniTi?^ mi ^ composition of various mgiedients incorpoiated into the 

e o owing are to be regarded as mere conclusions drawn from the 
e jmrimen s constant ratio of defibrmated horse blood was added to the medium 
m proportion 1 5 each time 

tPp (TTA +1 of glucose gieatly increased the ejB&ciency of the medium, 

with ^ best growth was obtained 

with the medium containing 2 per cent glucose 

on the raf-P observation was made as regards the influences of various sugars 
L donovam -r difterent species of Leishmania parasites 

nam^v Tent t ^ -^’bze all the sugais. 

the rate of trrn^l saccharose, salicin, maltose and dulcite, though 

grew vcr^ " rl 7" “T ^ and J. iropm 

only to a verv f e former could utrlue lactose saccharose and maltose 

Ztrl ^ ^be latter was not at all touched by other 

into obtained by inclusion of 2 per cent peptone (Witte) 
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3 FiiTtber improvement was observed when beef-mfnsion or 2 per cent meat 
extracts v ere added to tbe medium Of tlic two, tbe beef -infusion proved deeidedly 
superior to Lemco brotb, apparently due to its additional nutritive elements wbicb 
are destroyed by exceedingly high temperature used m preparation of the extracts 
The beef-infusioii is to be preferred for anotlier reason It gives a clearer colour to 
the basic medium and with admixture of blood in it, imparts a brighter red 
colouration to the medium It thus oilers an excellent contrast to the growing 
flagellates and enables one to foim a judgment as to the quality of a medium by 
obsen^mg rapid growth of the parasites from day to day 

4 It has been observed that an addition of one per cent asparagm, the acid 
amide, to the medium further improved its quality , in particular L brasiliensts 
and L ti ojnea grew remarkably well when this v as added to the medium 

5 The quality of the proposed medium was enhanced by addition of various 
salts to it It is interesting to note that chemically pure salts accelerate the 
growth The salts that are found m infusion or m blood are bound up ivrth organic 
matter It is probable that salts alter the physical condition of the nutritive 
fliud m such a way that they act as a stimulant to the parasites 

The followmg combmation of salts in quantities specified agamst their name 
has been found to give the most satisfactory growth — 



Per cent 

Sodium chloride 

06 

Potassium phosphate 

0 05 

Magnesium sulphate 

0 05 

Lithium chloride 

0 02 

Calcium chloride 

0 02 


6 0 6 per cent glycerme was added to the medium m order to give a slight 
emulsified colloidal character to the medium as a precaution agamst rapid evapora- 
tion It was observed that it gave no nutritive contribution to the growth of 
Leishmama parasites 

7 The- most characteristic feature of Leishmama paiasite® is their inability 
to grow in any medium however ingeniously prepared unless blood is incorporated 
into it 

(?) It has been observed that the optimum percentage of blood required for 
achieving the best growth falls within a defimte range and bears a direct relation to 
the percentage of agar embodied into the basic medium 

(w) Human blood and blood taken from various animals were then examined 
to find out their effect on growth It was found that human blood gave the best 
result 5 the rabbit s blood came next to it , bloods from gumea-pig and horse proved 
equally good Sheep’s blood produced also good growth though it proved inferior 
to rabbit’s blood It was foimd that the parasites grew well in the presence of 
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till tlvc blood'' nuMituHied lieio without jiii> marked dilTcrciicc Foi routine \iork, 
blonds cither fiom labbit oi from hoi sc me to lie preftned from the point of vieis 
of giowtli as well as othci leasons 

(in) Next the blood Mas %ariou''K picjinrcd and examined to find out Mhich 
of the constituonfs of blood jironioto groMth Tabic IicIom' indicates the blood 
\aiiousli prepared and their influence on gioutli of dificrent Leishmania parasites 

Table 


Shoeing the effect of vanoiislg ^nejKoed blood on gmilli 


o 

1 


HaTL or OBOWTO 

fe: I 


blood 



L (hnoiani 

L xnfanlum 

1 

— I 

*3^ 1 

Citr.afod 

E 

G 

G 

G 


Non citrntcd 

E 

E 

E 

E 

2 ] 

1 

Dofibnnucfl blood 

E 

E 

E 

E 

1 

3 

Pure 

serum free from reel cells | 

1’ 

N G 1 

N G 1 

N G 

4 

j Washed red cells free from serum 

F 

P 

1 

N G 

N G 

5 

a> 

U3 

o O 

Bow’s saline liaimoglobinized 
solution 

G 

G 

G 

G 


w 

By thawing and freezing 

E 

E 

G 

G 


E = Excellent G = Good F = Fair P = Poor N G = No growth 


It Will be noticed from the above table that the whole blood is required for 
growth — neither serum nor red cells alone constitutes the food requirements for 
the growth of these flagellates Further hsemolysed blood does not produce as 
good a groM'th as the whole blood does Hence the whole blood should be used 
for purpose of cultivation 

C Hydrogen ton conceniratton on grotUli 
The flagellates were found to grow in every hydrogen ion concentration of the 
medium — but the optimum growth was noticed between pH 62 to 8 Asa 
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routine the pH of the medium wos adjusted to 7 4 m order to have uniformity in 
the medium 

D Oxygen reqimemcnts Joi gmvfli 

The aiiaerohic cultivation was tried and it was found that the flagellates do 
not multiplv m ahscnco of free oxygen— although they can survive as long as seven 
davs The best growth was obtained under partial oxygen pressure 

E Influence of iemperaiure on giowtli 

The optimum tempeiature for growth was found to be 22°0 — a higher 
temperature was found to be decidedly harmful for growth of the flagellates 
on solid medium 


V The pkeparation of the solid medium on the basis of 

PRELIMINARY EXPERIMENTS 

Consliluenls 


(1) Dist water 

600 c c 

(2) Agar-agar (fibre) 

25 g 

(3) Glucose 

20 , 

(4) Peptone (Witte) 

20 „ 

(5) Asparagin 

10 „ 

(6) Salts 


Sodium chloride 

6 „ 

Potassium phosphate 

05 „ 

Magnesium sulphate 

05 „ 

Calcium chloride 

02 „ 

Lithium chloride 

02 „ 

(7) Glycerme 

5 c c 

(8) Beef-mfusion 

400 c c 


Methdd of pi eparalion of the basic medium 
_ (a) 'Cut 25 g of agar-agar (2) m small and thm pieces , place them with 500 c c 
distilled water (1) m a wide sterilized flask, shake vigorously to emulsify and leave 
the flask standing overnight at a low temperature 

(6) preparation of beef-mfusion (8) Add one pound of finely chopped lean 
beef, free from fat or tendons, to 500 c c of water and allow to stand overmo'ht in 
a cool place Next day boil the infusion for an hour , strain through a coarse 
towel and squeeze out the residue and filter 

To 400 c c of this infusion add (4), (5) and (6) and dissolve bv heating it m a 
water-bath , then sterihze m autoclave for 15 mmutes 
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(f) T)i>-'-ol\t' *20 j: of t'luoo'^o (S) in 100 f ( of distilled ^\ater and keep ready 
fol ll'^f 

(d) Pom (6) and (r) into the flaUv containing agar-agar , dissolve the whole 
in a wnter-iialh l)^ using a Miflu lently powerful flame” , if difficulty is encountered, 
InihWe steam into it foi a wliiie, sa\ 10 minutes 1)> connecting a glass tube dipping 
inilit into the medium from an adjacent flask with water hoiUng in it ^Yllen 
(ompleteh dis^ol%cd add lo cc glycciinc (7) to it 

(e) \djiist the pH at 7 d 

(/) Distiibiite while liot in nieasmed quantities into small flasks or tubes 
stenli7ed hefoieliand 

{(j) Steiili/e them m Koch’s steamei 45 minutes on two successive days 
\.utocla^ e stciili/ation uiidci piessuie should always be avmidcd 

(h) Tlic basic medium is then ioad> foi use or it can be stored in a refrigeiator 
foi quite a loim time It is a firm gel wliicli vibrates w’hen the containing vessel 
IS tapped To prevent evapoiatioii, tlie flasks and tubes are better sealed with 
collodion caps, introduced bv Fried (1928) 


^ VI Preparation or plates for cultivation 

1 The following sizes of plates are used by me and appioximate quantities 
of medium lequued for satisfactory’' cultivation of flagellates are specified below 


Plates 

Dish 

Lid 

Quantities of 
approximate 
media 

Large size 

10 cm X 3 cm high 

11 cm X 11 cm high 

30 cc 

Medium „ 

I 

1 8 cm X 3 cm ,, 

9 cm X cm „ 

23 c c 

Small „ 

6 cm X 2^ cm „ 

7 cm X li cm „ 

15 cc 




— 


2 When required, melt the basic agar medium in water-bath and at 65°C 
add defibiinated blood in the proportion of one part of blood to five parts of basic 
medium Mrs tborougbly and pom mto Petri disbes and allow to set for an houi 
or two 

3 When set, the plates are turned upside down and mocidated ■with a 
slightly bent loop from below 

The following precautions are to be followed w’hen inoculating a plate Place a 
filter paper on the table and moisten it with coriosive sublimate solution , remove 


* At lugli altitudes like that ot Kasauli (6,000 ft ) difiSculty in melting the gel is ei.pcrienced 
due to the boding point being lou 
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the inner dish fiom the hd and place on the -wet filtei -paper , fill up the hd with 
a small qinntitj of corrosive sublimate solution (strength 2 g 1,000 c c )— then 
hold the lid m a slanting position with the left hand, quickly hft the dish with 
the right, place slowly at first with one edge ju^t dipping in 1he solution and 
then the vliole of it whilst turning the left hand to level the hd, m order to 


allov the corrosive sublimate to flow all ovei the bottom 
E\eiy care should be taken that the corrosive solution does 
lint sprinkle on the surface of the medium 

4 Incubate at 22°C Add fresh coriosne sublimate 
solution when it h is dried up 

5 If contamination occuis m any portion of the plate, 
cut out the spot fiom below with a knife previousl}’^ steiihzed 
m the flame 

6 Heavy and luxiuiaut grow'th is obtained m 4 to 5 
days For experimental w'ork wash the culture with sabne 
and transfer it into a test-tube 

VII CuLTIVAriON IN TEST-TUBES 

Hecently Row (1930) grew Leishmania and alhed flagel- 
lates m wide test-tubes contaimng equal quantities of 3 pei 
cent sabne agai and hseraoglobinized salme solution In the 
usual way slopes weie made and allowed to remain un- 
disturbed overnight The water of condensation was then 
drained to the bottom by keepmg the tubes m an upright 
position, first at 37°C for some hours and then m the ice-box 
The condensation flmd was then removed carefully with a 
pipette and kept sterile foi subsequent use Inoculation 
with a drop or two of culture was made at some distance 
from the bottom, after which 1 or 2 c c of condensation fluid 
were introduced into the tube, care being taken not to moisten 
the surface of the medium The tubes were then incubated 



m the slanting position with the surface downwards 

The method, followed by the author, is to utilize the 
condensation flmd as far and as long as possible Fig 1 
shows the special form of test-tube used by me for test-tube 
cultivation of flagellates One side of a wide test-tube 


Fig 1 — Special form 
of test tube for test 
tube cultivation of 
flagellates 

has been blown in 


such a way as to form an oval flat cup of about Sec capacity The test-tube 
contains initially 2 c c of the basic medium , when required it is melted and at 
55°C to this IS added 1 c c of defibrinated blood and thoroughly mixed The tube 
IS then held m an luchned position so that the fluid collects in the oval cup The 
tube 13 then placed on a smtable ^.tand m the horizontal position as shown m 



. 3()0 Culfiuiftnn of ]'(moifs Lciblnmnna Parasites on f^ohd Medium 


Fiji 2 imd h'ft uinhsturbod for 18 to 21 houis \ftci tins penod it is inoculated 
ami imulmtod, fhe frst-tuhe l)oin*r Icopt nlttn\s liori/ontal with the surface of 
(ho medium uppermost 



Pig 2 — Horizontal position of Ibo tube on a suitable stand 


The fluid oozmg out of the medium initially collects at the bottom of the 
oup, but tlic weight of the medium displaces it subsequently so that ultimately 
it rises to the surface 

It has been found necessary that the level of the culture medium should always 
remain a little below the dotted line, as shown in Fig 3 If it reaches the dotted 
line the condensation fluid does not collect on the surface of the medium, with the 
consequence that it will dry up soon 



Fig 3 — Level of the surface of the mediuin should be shghtlj helou the dotted hue 


By following this procedure beautiful growth is obtained withm a weelf 
Recently the author has tried to cultivate the flagellates on slopes m ordmary 
test-tubes (Fig 4) To 8 c c of the basic medium, 4 c c of defibrinated blood was 
added and slopes, 2^ inches long, were made in test-tubes (one inch diameter) 
The tubes were then moculated and incubated in a slanting position (tbe cotton- 
w'ool end lower), with the surface downward The tubes were never held m 
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an npriiiht position By tins method also abimdant p;rovvtli was obtained within 
a week 



Tig 4— Ciiltuation of flagellates in ordinary test tube 


CONCLUSIOKS 

The attempt to obtain an abundant growth oi Leishmama parasites m a 
comparatively shoit time has met with considerable success The author has 
developed two methods, the plate culture and the test-tube culture methods, both 
of which have proved very satisfactory 
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Introduction 

Our attention was first drawn to the fact that the frog’s heart perfused with 
the ordinary Ringer’s solution, generally mentioned in textbooks, did not continue 
to beat regularly for a very long time Sometimes the heait-beats were irregular 
from the very start and never became regular afterwards Hardikar’s (19dl) 
experience was also sunilar, so much so that he was forced to use defibrinated sheep’s 
blood for his experiments 

We started the present series of experiments m order to find out the compar- 
ative values of solutions of different formulae, and to see which of them would give 
the best results In judgmg the efficacv of a solution the pomts considered were 
{a) the rates of the heart-beats, (b) the force of contraction, (o) the maximum 
duration m which the heart would go on contractmg, and (d) if the solution m 
question could make the beats regular after they had become irregulai by perfusing 
the heart with another solution 

Method 

The perfusions were made mto the mtact heart, the perfusion flmd entering 
the inferior vena cava and conung out through the aorta In some of the 


* Read at the Section of Medicai and Vetennaiy Research, Indian Science Congress, Bangalore, 
X933 ’ 
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/'onnit/rr fo) Pnfn^ion II or/, on (he Hcaits of Frogs 


«'\jii’nin(*ntKS tlic ihiul wms to nin out of tlio aoitn. the licnrt being constanth 

peifu^-eil li\ menus of fresh fluid fioiu ii large ^laiiotte bottle In other cases a 
(loved (inuit wav ('vtaldivhtd. the pi rfusion fluid lieiim contained m a funnel and, 
after pavviu” through the heart, being led back to the funnel through one of the 
braiK hev of the aorta , tlie heait being thus 3M'rfuved b\ the same fluid all the tune 
The vujienor icma (a\a and the other branches of the aorta were, in all cases, 
ligatured to pre\ent the leakage of the fluid The difference in height between the 
lc\ cl of the pel fusion fluid and that of the sinus \aricd from half an inch to two inches 
in difTerent experunents But in each exjieriment the lei els were not allowed 
to iai\, so that the perfusion fluid entered with a constant pressure all the tune 
that the exjieriment lasted In those experiments also m which a closed circuit was 
not established and the fluid was allowed to run nut of the aorta, arrangements 
were made to keep the pcifubion-pressure constant 

Frau9ois Franck's cannula was used for perfusion the side tube of which was 
utih/cd to catch any an bubbles and to drain olT the perfusion fluid while changing 
on to another Stai hug’s heaif lo\er was used so that the downstroko represented 
the contractions of the hearts in the graphs In all cases frogs were killed by 
pithmg In each case the heart was pTc\cntcd from drjnng from outside b} 
pouring chops of the same solution o\ci the apex ns was used for perfusion 
The following solutions w ere tried — 

1 Ordinary Ringer, made up m the following mnnnei To each litre o 

a 0 G per cent 'solution of NaCl wxns added 10 c c of a 1 per cent 
solution of XaHCOs , 10 c c of a 1 pei rent solution of CaC s> 
7 5 c c of a 1 per cent solution of KCl 

2 Ordmary Rmgcr and blood, dilution 3 1 

3 Bayliss Ringer consistmg of NaCl 0 65 pei cent, KaH2F04— 0 00^ 

per cent, glucose — 0 2 per cent, NaHCOs — 0 02 per cent, CaCl2-“fl 
per cent KCl — 0 014 per cent 

4 Bayliss’ Rmger and blood, dilution 3 1 

5 Bayliss’ Ringer and urea in diiierent concentrations ^ 

6 Bayhss’ Rmger, modified by increasing the amount of CaCl2 to 0 

per cent, and the amount of KCl to 0 0175 per cent and by adding 
0 001 per cent Na2HP04 

7 Bayliss’ Rmger, but wntbout glucose 

8 Ordinary Ringer, with 0 2 per cent glucose 

Altogether 25 frogs [Rana Ugrana) were used Often the efiects of more 
than one solution were tested on the same frog and the results compared All the 
experiments were carried out from July to November 1931 

In the cases of frogs Nos 3, 13, 20, 21, 22, 23 and 24 the heaits were perfused 
with the oidmary Rmger In none of these cases did the beaids continue to beat 
regularly for more than one hour In the cases of frogs Nos 3, 20, 21 and 24, the 
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solutions were prepared in distilled water according to the directions given in text- 
books, and in the cases of the test of the frogs, the solutions weie prepared in tap- 
water Out of the foiii hearts perfused with the solutions prepared in distilled 
water iii two cases, i c , Nos 3 and 21, the beats w^ere irregulai from the start and 
the rest began to beat irreffiilarl}' ni 20 minutes The rest of the frogs, in which 
the solutions used were prepared in tap-w’ater, behaved in like maimer The heart 
of frog No 13 began to beat irregularl)' in 45 minutes, that of No 22 was irregular 
in one hour and that of No 24 in 24 minutes Thus we noticed that the solutions 
made in tap-water were inclmed to be less unsatisfactory than those made in 
distilled water 

A qualitative aiialvsis of the tap-water showed the presence of Na, K, Ca, 
chlorides, sulphates, carbonates, bicarbonatcs, iron and the presence of slight tiaces 
of nitrates, magnesium, aluminium and lead 



Fig 1 — The direotiou of the tracing is from left to right Up to the murk B, 
the heart shows an aunculo ventnoular block of 2 1 At B, 

Bay lies’ Emger was substituted and the block at once chsappeared 
(Downstroke represents systole ) (Photograph — actual size ) 

In frogs Nos 20, 21, 23 and 24, after the heart-beats became irregular, 
Bayhss’ Rmger was substituted for the orduiary Emger, and in all these cases, as 
soon as the Bayhss’ Emger began to flow through the heart, the irregularity 
disappeared (Big 1) 

In the case of frog No 21, after the heart was made regular with Bayhss’ 
E.mgei , the oidmary Emger was re-substituted and the heart went on regularly for 
about 3 hours more BTien again Bayhss’ Emger was substituted for ordinary 
Emger to see if it wmuld make anv difference m the nature and rate of the contrac- 
tions, we found that the heart rate increased from 31 to 42 beats per mmute 
Another point elucidated by this experiment and confirmed by others to be 
described, was that once the heart was made to beat regularly for some tune with 
Bayhss’ Emger, the substitution of ordinary Emger did not affect the regularity of 

J j AIR n 


37‘2 FonnuUt fm J^ofnsiou 11 or/, on the II cents of Fiogs 

tlu' ho'ut fot a ii\u( li r pcrind than \sm the ease ^\)l(•n ordinnrv Binger was 
fjom the \er\ la'iriniiing 

In tiie (ase of ftoii No 2t. after the lioint Imd l)een heating regalnrl} witli 
]Ja\lisN i?inger for .")() minute'. oi(lnmr\ i^inger was siihstitnted and the regiibriU 
was maintained for ahoni 2^ lionr-i whin the heart liecnnie irregidai again, 
Ba%Iiss Kmger was re-sidistitnted and tlie heart liecame regular at once, then again 
after 10 minuti's oidinan Kingei was u**snhstiluted and the regiilnnt} was 
maintained foi half an hour nioie 

Einci oi imoon 

ihis was tried on foui frog*- Xos 2, 3, 8, and 9 respective!} In all these cases 
sheeps defibrmated blood was used the blood was bi ought from the slaughter- 
house and was used j houis aftei it was shed In all cases the blood was diluted 
wuth 3 times its \olumc of Bingei'-' solution In the cases of frogs Nos 2 and 3, 
the heaits were perfused first with ordinal} Bnigei made with distilled watei m 
both the cases the beats were irregular from the start, then blood diluted with 
ordinary Rmger was substituted , the beats at once became regular, the contractions 
became stronger and the rates rapid In the case of frog No 3, ordmary Kinger 
was re-sub&tituted, the heart rate became slow’er and the contractions feeble, after 
15 minutes Blood Rmger was again substituted and the heart-beats showed the 
same increased effects 

In cases of fiogs Nos 8 and 9, m which Bayliss’ Rmger made with tap-water 
was used instead of the ordmary Rmger for diluting the blood same ehects were 
noticed 

Fig 2 show^s the cfiect of substitutmg Blood Rmger The rate mcreased from 
45 to 70 per minute and the range also In the case of frog No 8, the same experi- 
ment was repeated with the same results In the case of fiog No 9 continued 
perfusion with Blood Ringer made the heart-beats gradually slow'er both as regards 
rate and range, and the substitution of fresh Blood Ringer made no dillerence to it, 
finally the heart-beats became iriegular m about 2 hours , then we substituted 
Bayhss’ Ringer alone and the heart became at once regular , after this we 
substituted undiluted sheep’s defibrmated blood and wuthm 6 mmutes the heart 
stopped in systole In the case of frog No 9, ive made sure that the blood was not 
heemolysed throughout the experiment This was important as we know from 
the works of Gothlin (1902), (Luciani, 1911), that heemolysed blood is injurious to 
the heart Two inferences could be drawn from these experiments (1) Blood 
Rmger does increase the rate and range of the heart’s contractions, and (2) that it 
IS inferior to Bayhss’ Rmger so far as the survival period of the heart is concerned 
the second mference bemg based only on one experiment, cannot be regarded as 
conclusive 
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We aie not in n position to explain win tlic lulrlition of blood to Eiiiger brings 
about inciease in late and lange of contiactions Reference to the old literature 
shows that inaiiN experiments wcie conducted to elucidate this pomt, but most 
of them were unsuccessful Eagliom (Liiciani, 1911) woiking on the isolated heart 
of Selachian, found that it w-as possible to keep it ahve for a prolonged period b)'^ 
treating it with a solution containing 2 pci cent urea and 2 per cent NaCl He 
concluded from his experiments, that urea promotes the contraction of the heart 
and that a larger percentage ariests the heart in systole (Bagliom, 1907) Lambert 
(1905) (Liiciani, 1911) confirmed the favoiiiablc action of urea on fiog’s heart, 
Bagliom and Federico (1906) (Luciani, 1911) on that of the toad In these animals 
thej found that uiea mci eases the intensity and duration of the systolic phase 



Fig 2 — ^The direction of tlic tracing is from left to right Tlie tracing shoiis 
the effect of the substitution of the solution of blood on the contraction 
of the heart , the rate has increased from 44 to 70 beats per minute 
and the excursions of the lever have also increased (Photograph — 

actual size ) 


We tried the effect of urea on frogs Nos 11, 12, 21 and 25 and the results 
obtained were variable , in some cases the range increased while in others just the 
opposite effect was noticed In the last two cases, the expeiiment was done 
repeatedly, but either there was no effect at all or the results were so variable that 
it could not be concluded whether urea had anj definite action, either on the late or 
on the nature ot coiitiaetions 


Pfrfusiox with Bav 1 Tss’ Rustcfr 

III cases of frogs Nos 5, 6 and /, the perfusion was made all along with 
B ij hss’ Ringer in ordei to see liow long the heart could be made to contract regularly 





37 ) h'oimuhv [m Pojtt'^ion ]] oth on the Ilcartb uj Frogs 

In n(I tlio'-t' (i\M <lu* open mot hod wn*! n‘;o(i, i o , tjir poi Vision fluid was allowed to 
ostnpo fliroiiuh tjio aorta as wa^i dono m oNjioriinonts with ordnian Rmger The 
perfusion (Imd was m a l>ig IManolle bottle and the pci fusion-pressure was 

arramred to lomam (onstant Jn all tin s(> rases, the lie.irt was hept moist from 
outside ly\ diopjiiiig IJai lis>, llinud on the a])e\ 

In fiog No the expeiiinont was st.ntcil at II-K) am and closed at o-lo 
r M , lieait still remdar 

111 tlie case of frog No (», tlie evpeiiinent was started at 11-15 AM, the heart 
remamed inegular till 2 r M owine to the piesente of a blood-clot m the cnAut} 
of the henit , at 2 VM this dot was exjielled tluough the aorta, the heart'heats 
then became quite lemdai and remamed so till (»-J0 rM when the experiment was 
stopped , the ])H of this solution was 7 25 

In the ease of fiog No 7 the cxpeiiment was started at O-dO AM and stopped 
at 10-15 PM , the heart was quite regular throughout Tlie pH of the solution m 
tins case was tested b} Di Quresbi about 5 dais after the experiment and was 
found to be 7 05 

Perpusiom wirn Bam.iss’ IHngfr Moiunri) m incbeasimg the amoent 
or Ca jVnd K \M) in yiDJNG NaoIIPOj 
A s the pH of the Bayliss’ Kmgor wdneh w’c prepared was low’^ (the actual pH 
mentioned by Bayliss is 8 4) w’O tired to see tlic effect of a more alhalme solution 
by adding Na 2 HP 04 , at the same time wc tried to see the effects of increase m the 
quantities of Ca and K The new solution thus obtained liad the following com 
position — 

NaCl = 0 (35 per cent, NaHCOs = 0 02 per cent, CaCl^ = 0 015 pei cent, 
KC1=- 0 0175 per cent, NaH 2 P 04 = 0 001 per cent, NasHPO^^OOOl per cent, 
Glucose = 02 per cent 

Tins perfusion fluid w^as used in the cases of frogs Nos 10 and 12 and w'C saw 
that as compared to Bayliss’ Ringer, perfusion with this fluid made no marke 
difference as reeards the rate and range of the contractions 

Effect of glucose 

As the mam difference between the formula given by Bayliss and the other 
forniulm which we found to be inferior, was the presence of glucose, we conducted 
a few expermients to test the effect of glucose 

In cases of frogs Nos 14, 15, 16, 17, 18, 19 and 22, the effect of glucose was 
tested In all these cases, the closed circuit system was used Oxygen was passe 
through the solutions which weie made m tap-water 

In the case of frog No 14, the perfusion with Baybss’ Ringer without glucose 
kept the heart regular for about 4 hours, then it became irregular The suh 
stitution of Bayliss’ Rmger with glucose made the lieart-beats regular at once, 
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In tbc case of irog No 16, Bayliss’ Bingci without glucose was used, the heart- 
beats became uiegular m about 3 horns 

In the case of frog No 17, pcifusion was started with Bayhss’ Einger without 
glucose, and the heart became irregular within 15 minutes , the substitution of 
Bayhss’ Einger with glucose made the beats regular at once The same experi- 
ment uas repeated in this frog the heart being perfused repeatedly with the solution 
without glucose and when the beats beeame irregular, substitution of the solution 
with glucose made them regular at once 

Li the cases of fiogs Nos 18 and 19, sumlar experiments were performed, the 
heart being perfused with the solution without glucose , the heart-beats became 
irregular in 25 mmutes Then the same solution was substituted, with the idea 
of ehimnatmg the possibility of the mechamcal action, concerned with the changmg 



Fig 3 — ^The left Bide of the tracing shows the irregular contractions of 
the heart after perfusing it for some time -with the ordinary 
Rmger Substitution of the same solution hut contammg 
0 2 per cent glucose mates the heart beats regular again 
(T?hotograph — actual size ) 


of solutions, being a factor in bimging about the regularity of the heart-beats 
We found that this made no diSerence and the heart-beats remained inegular 
Then we substituted Bayhss’ Einger uuth glucose and the beats became regulai at 
once 

In the case of frog No 22, the experiment was started with perfusmg the heart 
with ordmary Emger The heart-beats became irregular m 45 mmutes , then the 
same Emger contammg 0 2 pei cent glucose was substituted and the beats became 
regular at once (Fig 3) 

Thus, m all these cases we foimd that glucose had a definite effect m not only 
makmg the heart beat regularly foi a longer tune , but also that when the beats 
had become irregular, by perfusmg it with a solution not containing glucose, the 
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Fo) mi tin P( tfll'^IOH 


II nth n)i I III’ IJcd/h of F)0(/‘- 


‘’ultst itiit ion of tin '' uin* "olntioii with •/liuosi l»oiij,'lit iihout tin* lcgu]a^Jt^ Tbs 
\\ n not u 0(1 (oii'^tiuilK 

TTiis is int( 1 1 st nii.' in \n'\\ of tin* i((onl winl- Ijn Cliiih Gaclclic and Stuart 

( 1 *). 51 ) who woiKin” on Juimt i '^i iilntiln (llung.iimn) hii\( foinul th.it hearts perhiscc 
with Hnmi'i s flun' without uhn osi stii\i\( foi i loinror yioiiod th.in those perfmei 

with Knim'i (ont.'uninu I’hn os( T’his is m k( ojnng with then findings that fort 

liist si\ houisof |n I fusion tin flog sin .111 li'iidK uses np ,in\ uhicosi' .it ah 

Si mm \K\ \M> < OM 1.1 ^lON'' 

VUogPthoi 2 .) flogs WHO utih/(d Solution^ of difioiont fomnilte weie used 
.ind lo'uilts dll tin i.it< .iiid laiigo of tht In .ii t-bo,)ts of Eaiui ti()uoui 

(.oinp.uod , 

(i) Shoo}) s (h'lilii inat( (1 .mdddutid blood w.is found to ineien'^L o 
i.ito .ind i.mgo of ho.ut-bLiil'' in .i in.innoi which w.is not oja 
with othoi solutions 

(n) B,^^llss’ solution was found to gne the most satisfactor} xesnts 
(lu) Glucose was found to be of dofimte advantage, not only 

the suiM\al peiiod of the hcMit but also in bringing £* 
logulaiity of the beats after tlior had become mcgular b} using 

solution not containing glucose . 

{iv) Solutions made in tap-watoi weie found to give better results t lan 
made m distilled water 

(a) Uiea was not found to hare any definite eliect ^ 

e wish to cx]uoss our thanks to Di )S TV Haidikai foi the helpful 
to Dr Quieslii for estimating the pH rabies of the bolutions, and to Mi 
Mobiuddiu for making the qualitative analysis of the tap-r\atei 
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iNTBODUCnON 

Asheshov (1930) has classified cholera bacteriophage into three distinct types 
based on ‘ group characteristics which are not limited to the reciprocal action on 
the secondary cultures only ’ 

Type A is the quick-acting type attacking only the smooth and not the 
rough strains The group however is not homogeneous, for the different members 
vary in their range of activity and stability 

Types B and 0 are slower in action but more stable (particularly B) They 
are omnivirulent, i e , they have a very wide range of activity, attacking both 
rough and smooth strains 

The restricted range of activity of type A led Asheshov to adopt his original 
type A of cholera bacteriophage (61 A) to lyse the resistant smooth vibrio, and 
the resulting ‘ phage was numbered 62 A This process of adoption continued as 
he met more resistant smooth cholera vibiios and, in his report for 1929-30, 
he states that his observations suggest the existence of four groups of cholera 
vibrios which may be represented as follows — 



1 Group I ^ 

Group II 

Group III 

Group 

Cholera bictenophcge 

61 A 

f 




(io 

62 A 

+ 1 

+ 



do 

63 A 

d- 1 

+ 

+ 


do 

64 A 

+ 1 

1 1 

+ 

-h 

i 
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378 Tliv [nflxctm of ff lov ('nurnihultoo on Cholera Bade) lopltarjij 


in In*' irpoit foi lio mentions that he lias fmind six 

\ ihnos of Muooth ehunutci winch wire icvisljitit to cholera bncteiiophage 64 A 

\\ Inh It 1^ (piitc liK( K that nunc and niou* gionps max be added on to the 
present mtnibei it i" hmhh pi obnbic that difrerenecs ni eiuironmeiital conditions 
can beheld to 'U ( oimt for tlu' dilTneiit irionpsof \ ibiios that x\e come across 

To n'^t eitain if tlu 11 u*n < oni i iiliation has anx inflnenre on the grouping of 
the xibrios and the jdu noun non of tholeia bac teriophagv m general, the 
following experimental work was cuned out — 

and mdhod'^ employed 

] One stinin of taih of the foil) gionps of cholera xibiios iiamelx — 

Oh d (giouj) I) Cli 782 (gioup Jl) Ch Itladrns I (gtoup III) and Hi Pun 5 
(group IV) obtained fioni l)i Asheshox 

2 Cli stiains bO ’ and ‘ (*8 isolated H'ccntlx' in Ramnad and Madias 
respect ix’’clx' 

3 Gliolcia bacteiiojihages 61 A, 02 A, 63 A and G4 A corresponding to the 
four groups of xubiios and 146 13 ami 13 0 also obtained fiom Di Ashesliov All 
the cholera strains xxeio maint.nnod m the laboratory on papain agar (pH 6 8) 
and the ’phages were cultixMtcd nr papain broth (pIT 8 4) on the cholera strain J 
Tlie platings were done on pcptainin agar medium 

All the abox^’e-inentioired media arc those employed by Dr Asheshox' in his 
cholera bacteriophage work 

For the present xvork tw'o sets of papain agai media, one set of pH 6 6 and 
the other of pH 8 4 were prepared Tw o sets of one per cent Difco peptone water 
(pH 6 6 and pH 8 4) w'ere also prepared for emulsifying the acid and alkaline 
cultures respectively 

For plating the technique wms the same as the one employed by Dr Asheshov 
for his cross-tests The peptaniin agar plate was prexnously marked on the 
outside by a grease pencil into squares The cultures were then streaked 
vertically by a special loop designed by Dr Asheshov and the plate was allowed 
to dry in the incubator for 10 to 15 minutes After drying a drop each of the 
61 A to 64 A type of cholera bacteriophage w^as put in each square in four 
horizontal rows, so that each streak of culture xvas tested against all the four 
’phages 61 A to 64 A The plates were then incubated at 37°C and the lesulfcs 
read the next morning 


Bxpenments toith acid, media. 

The four cholera strains J, 782, Aladras I and Pun 5, representing the four 
gionps of cholera vibrios, were inoculated on to papain agar pH 6 6, wuth bromo- 
thymol blue as indicator As marked alkalinity during the first few days is one of 
the features of the metabolic process of V 0110 X 0 a, the inoculation on the agar slope 
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\\ns coiifiued to one smull lound area so that the giowth of V cholera might not 
cons]dcrab]^ diminish the acidit'i of the medium For the same reason the 
cultures uere aged foi about G weeks, wlicn the pichminary alkalinity had 
disappeared and given wa} to acidity Thus after 6 weeks on acid agar the 
cultures w ere emulsified in Difco peptone solution of pH 6 6 and incubated at 
37®C Thev w'eie then plated and tested against cholera bacteriophage 61 A 
to 64 A. as stated above after 5 hours, 24 hours, 48 hours and 96 hours, 
with the following lesults — 


Plate I 

5 Jiot/is after moculation la peptone 
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Plaie II 

24 hourb after moculation in peptone 
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Plate III 


Plate IV 


48 hows aflei inoculation in peptone 


72 hours aftei inoculation in peptone 
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O indicates area of complete lysis 



J 

782 

M I 

P 5 

61 A 

O 

.. 

■ — 

— 

62 A 

O 

O 



63 A 

o 

o 

o 

— 

64 A 

o 

o 

O 

0 


indicates area of incomplete lysis 
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Platk V 

90 //owKs aflc) moculahon in peptone 
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Tile pH of the suspension was tested after 72 hours and was found to have 
altered to 7 4 from 6 6 


Expenments with allahne media 

The cultures which were aged on acid agar were transferred to alkaline agar 
pH 8 4 The whole area of the slope was inoculated so that alkabnity might he 
enhanced as much as possible during the growth of the vibrios Such cultures 
were done daily for a period of 12 days and then the cultures were emulsified 
in Difco peptone solution of pH 8 4, incubated at 37'’C and then plated 
against cholera bacteriophage 61 A to 64 A, after 5 hours, 24 hours, 48 hours, 
72 hours and 96 houis, with the following results — 


Plate VI 

6 houis aftei inoculation {pH 8 4) 
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Plate VII 

24 houis aftei inoculation 
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Plate VIII 


Plate IX 


48 hou)s ajici tnocuhtioii {]}H 8 4) 


Plate X 

96 houisafte) inoculation 
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72 hours aftei inoculation 
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Fxpennients loith cholera bacteriophage type B resistant stiains 
A sheshov states that cholera bacteriophage B is omnivirulent and that he has 
not come acioss a ‘ single typical vibrio which was not attacked by one and the 
same ’phage of this type ’ However, during a recent small epidemic of cholera 
in this Presidency, several strains were collected some of which were lysable bj' 
cholera bacteriophage 64 A and bacteriophage 13 C but not by 146 B They were 
all typical vibrios, motile, smooth (by Millon’s test), highly agglutmable by the 
standard Lister Anti-serum and fermented glucose, maltose saccharose and 
mannite without gas Two of these strams Nos ‘ 56 ’ and ‘ 68 ’ were then chosen 
for experiments They were tested and found to be free from any contaminating 
bacteriophage The test also revealed the interesting fact that cholera bacterio- 
phage 146 B could lyse the secondaries arising after the action of cholera 
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l))Rt('rio{)liii<'i‘ (il l)»il not aftoi the action of ( liolera bacteriophage 13 C on 
tlie tno strains Tin followin'' plates illusti.ile the point — 

Plate XII 


Plmi XI 


Ailioii of cholcKi 'phnqis B aiifl 
C on C/i ‘ 08 

ABC 


Ch. 


• 68 ’ 



BtcondtnuH after the action of ch 
'phage on ch ‘ G8 ’ 


XA XB XC 

64 A 
146 B 
13 C 

\ \ Sccondiir\ of ‘ 68 ’ after Jic action 
of cli ’lAmge 64 A, etc 



These ttvo strains ‘ 5G and ‘ 68 ’ were cultivated in papain agar pH 8 4 and 
sub-cultures w ere made daily foi a pciiod of 10 davs at the end of which they were 
emulsified in Difco peptone pH 8 4 The suspensions weie incubated and then 
plated and tested against cholcia bacteriophage 64 A, 146 B and 13 C, at the end of 
24 hours, 48 hours, 72 hours and 96 hours, wuth the followuug lesults — 


Plate XIII Plate XIV 

24 houis 48 houis 
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Plate XV Plate XVI. 

72 houis d6' hours 
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Comments 

It IS obvious from the experiments conducted on acid and alkaline media 
tint the phenomenon of cholera bacteriophagv is intimately connected with the 
pH of the medium in vhich the organism is cultivated 

Plates I and II show that on continued existence in an acid environment the 
groups II, III and IV have all become group I, in othei words have ell become 
lysable by cholera bacteriophage 61 A In Plate III, however, a tendency is 
shou n to revert to their original groups In Plate IV, they have practically full}^ 
rc\ erted to their original groups and, in Plate V, group II is only incompletely 
l>sed by 62 A and 63 A, while group IV is incompletely lysed by 64 A This is 
easilv explained by the fact that growth of choleia vibiio is associated with 
increased alkalinity The pH of the Difco peptone before inoculation was 6 6 and 
72 houis aftei inoculation was 7 4 Evidently the influence of altered 11 ion 
concentration is exerted moie vigorouslv in a fluid than in a solid medium, and 
the short time in vhich the vibrios have been in the alkaline peptone has 
undone the change wrought by prolonged growth on a solid acid medium 

Plate VI shows the influence of daily sub-culture on alkaline agar (pB 8 4) foi 
a period of 12 days The immediate change (5 hours) is very little except in the 
case of Ch Pun 5, which now has come down to group II Plate VII shows the 
additional influence of alkaline peptone, the original alkalinity of which has been 
enhanced by the growth F choleia Plate VIII shows all the vibrios in their 
original groups In Plate IX, group II vibrio has shown a tendency to become 
group III vibrio while, in Plate X, group II and group IV vibrios are not at all 
lysable by cholera bacteriophage 64 A, group III vibrio is onlj faintly lysable 
by 64 A and group I vibrio shows a tendency to become group II vibrio 

As has been observed above, the altered pH has been speedier in its effects in 
liquid than in solid medium 

Asheshov’s experiments in connection with the preservation of cholera vibrio 
as near to their natural state as possible have led him to the conclusion that 
progress towards the rough phase occurs quickly in alkaline medium 

The experiments detailed above have shown that in alkaline medium cholera 
vibrios tend to arrange themselves in different groups according to then: lysability 
by one or more ^ sub-types ’ (61 A, etc ) of the A type of cholera bacteriophage 
It is then logical to presume that the different groups of cholera vibrios aie only 
different grades of roughness, the differences in roughness among the groups close 
to each other bemg too mappreciable to be detected by Millon’s test 

Type A cholera bacteriophage is not known to lyse rough cholera vibrios 
There is, however no sharp line of demarcation between the typical smooth and 
the typical rough So theoretically there can be an infinite number of different 
grades between the two, depending upon the proportion of smooth to rough 
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('hMUiMils m the mdiMdual \ ihrio Thon llu' flilToronf "roups mentioned bj 
Asli(‘slio\ me ])rol)al)I\ smioiimiious with flicsc difTeient "rndcs of roughness 
Tlii^' idcacnn lu* lejiic'^entcd as follows — 

T\|)i('nl •tineolh T\i>(' A ’plingc of lowctt ‘\nlcnt\ 


Smooth 

/V Group J (11 A 

Group II 02 A 

Group III 0*1 A 

Grou]) I\ 04 A 

Grn\ip V 0*> \ 


'i' ' 

Rough 

T^picnl rough Total innhiht\ to I^'jp 

That (’ven in nature tlic t'\'])c A ’phage tries to adopt itself to resistant vibiios is 
shown by the isolation of cholcia bacteriophage 64 A in nature in Madras (Pandit 
and Rao) 

Plates XIIT to XVI denionstiate the influence of alkahnitv on Ivsis by clioleia 
bacteriophage B Cli ‘ 56 ’ has in 96 houis acquired Usability by ’phage B, wink 
ch ‘ 68 ’ has acquired the same change in 72 hours At the same time I}sablbt^ 
by choleia bacteiiophage 64 A has siifiered deteiioiation This only conbinis 
the results obtained fiom the previous ers.peiiments 

Summary 

1 The relationship between cholera bacteriophagy and the H ion concentra- 
tion of the medium in w'hich the cholera vibrio is cultivated has been studied 

2 Within the optimum limits lysis by the type A of cholera bacteriophage 
13 enhanced by mcreasmg acidity and that by the type B by increased 
alkalinity 

3 As a tentative conclusion it appears probable that the groups into which 
Asheshov classed the cholera vibrios are only diffeient grades of roughness and 
can be altered appreciably by changing the pH of the medium in which the vibiios 
are grown, but further work is required to establish this important conclusion 
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OSTEOMALACIA (LATE RICKETS) STUDIES 

Part X 

ADMINISTRATION OF CALCIUM PHOSPHATE 

BY 

DAGMAR CURJEL WILSON, m d (Glas ), d i> h (Camb ), (Retd ), 
In-Cliarge, Osteomalacia Inquiry, Indian Reseaich Fund Association 

[Received for publication, April 27, 1932 ] 

Introduction 

In northern India rickets m its various forms, osteomalacia, late rickets and 
infantile rickets, tends to occur both m rural and urban areas wherever there is 
extreme deficiency of diet or sunlight, or more frequently where there is a relative 
deficiency m both these factors Improvement in diet only leads to impiovement 
in symptoms when sunlight is available, and conversely, the provision of sunlight 
for cases on deficient diet is of little avail (Wilson, 1931a) An analysis of 400 urban 
cases of late rickets and osteomalacia shows that about half the patients live under 
social conditions, which do not admit of an altered mode of life and tend to relapse 
after treatment owmg to want of sunlight and of a balanced diet, while in rural 
areas field workers suffering from late rickets and osteomalacia, though obtaining 
adequate sunhght, are not in an economic position to improve their dietary defi- 
ciencies (Wilson, 1931c) All such cases need vitamin D as calcifymg substance and 
m its absence utilization of calcium and phosphorus is impaired , in view of the very 
small amount of vitamin D often available it is necessary to ensure adequate intake 
of these minerals Examination of the blood chemistry of cases of osteomalacia 
and late rickets in India have shown a low serum inorganic phosphorus (Wilson, 
19316 , Hughes et al , 1929, 1930 and 1931) which may be associated with a low 
serum calcium and with tetany 

I am indebted to workers at the Lister Institute for advice regarding a smtable 
salt, and to the Medical Research Council foi the provision of sufficient amounts 
of drugs for the purposes of the experiment 
J, MR ( 387 ) 


3 



38S 


O^frmnahnn {laic Sfudjc^ 


I\ltlli(nh ~'y\u' noulntl pro* ijut'itrd In* ak lum”' plio^-pkato was u^-cd for the 
thorapoutu' oxpormiont and uas adnumstorod dady in dosos of prams '15 to 60, in a 
gln'ss of watoi, ‘solution lioinp ukUhI In tlio addition of diliito In clrocliloric acid 
minims 30 (In a fou mstaiuos oumg to dipcstnc distnibnnco, tlic acid was 
omittod from tiio solution uith no apparent af!\orso ofTect ) 

Foit\-ono cases of late iickets and osteomalacia (ages 9 to '15 'sears, fcnialeb 
‘10, male 1), ^\ole kept under obsenalion in Lahore Cit} and also m the Palanipur 
tchsil of tlio Kanina a allo} , an area wliere as pio\ lousK detailed many field workers 
are li\mg iindei ahnormal dietnr\ conditions with deficiency of vitamiiist A, D 
and salts (^^ ilson, 1931) 

Before treatment the clinical condition of each patient was classified according 
to the degree of sc\ciity +? , ++'i-, these headings being comparable to those 

used m pre\ lous records and depending on the incidence, situation and amount of 
pam and deformity and whether tetany weie present, the length of treatment was 
also based on previous experience (Wilson, 1931fl) Dietar'y’- and living conditions 
were noted m each case and the patients divided into two groups (1 and 2), according 
to whether the deficiciic}’’ was in diet alone or in both diet and sunlight 

After three weeks’ treatment it was found that the clinical condition of five 
severe cases who lived a crippled life indoors, became worse and their treatment 
wnth the salt was discontinued (They subsequently improved when given 
irradiated substances containing vitamin D ) There remained 36 patients in 
the two gioups, each group was subdivided in two classes [a and b) according 
to whether the patients were able to move about or were crippled At the end 
of the six weeks’ observation period each patient was re-examined and any alteration 
m the clinical condition noted 

Results — The effect of treatment with calcium phosphate is shown in dm 
following table 

Ten control cases in (o) urban and (&) ruial areas who received either 
radiostoleum | c c , or cod-liver oil 2 drachms daily, showed satisfactory improve- 
ment within the experimental period of six weeks 

Discussion 

The lesults of gioup I (a) — Fourteen cases on deficient diet who lived 
actively out of doors, showed at the end of six weeks’ treatment nine patients 
entirely free of symptoms (three of whom were in the latter months of pregnancy, 
a tune when symptoms usually become worse), and five who were much improved 

* Supplied by the British Drug Houses, Limited 

t The deranged defence niechanisni to infection due to perverted nietaholisni m this area is also 
shoini by a survey of scliool girls, over one lialf of those examined shomiig signs of malnutrition 
and of rickets Leprosy also, a disease in which deficiency of diet is known to he a factor, has a hig 
incidence in this district 
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* Plus 5 cases who ceased treatment on getting worse after 3 neehs 
t Include 3 cases m latter months of pregnancy 






































Osfcomolaaa [laic Ihclcts) Studies 




]\ lnl< IV qrotip I (/^)— (hn'o ( npplccl womoij only jiMo to ';it out of doors in the 
sunliuht slio\M’(l little ( luumo in their dinienl condition, in one case tetany 
per^'islin*; nt the end of ^i\ weeks’ troatniont 

/» tjrnvp II (fi) — Sivteeu eases, defieient hotli in diet and in sunlight but able 
to n\o\e iihout in then Immes, sliowcd slight impiovcment at the end of the 
oxpernnental pciiod But ni (jiovp 11 {b ) — the condition of three crippled patients 
deficient in diet and sunliirlit was unafTected by treatment, and m one case 
tetany continued throughout the si\ weeks showing that caleium was not being 
nbsoibed, oi not made a\ailnble foi use in the body' 

Covchisiovs 

(1) In field workers Iniiig on a diet lelativcly deficient in vitamins A, D 
and salts, the addition of calcium phosphate in doses of drachm 1 daily over a 
period of si\ weeks will cuio oi much impjove the pain and deformity of late 
rickets and osteomalacia It has not vet been determined whether calcium ox 

V 

phosphorus is the preponderating missing factor m such cases 

(2) This treatment is unsuitable foi cases whose crippled condition does not 
permit of muscular and circulatory activity or who m addition to a deficient diet 
also suffer from w'airt of sunlight, in such cases the addition of vitamin D is also 
necessary for cure 

Climatic conditions thionghoiit the experiment were noted daily, and remamed 
equal during the period under observation Seasonal variations of temperature 
did not, therefore, m any^ way affect the results obtained 


REFERENCES 

Hughes, T A, Sheiv^stava, D L , aud Ind Jour 3Ied Bes , 17 , No 2, p 470 
Sahai, P N (1929) 


Hughes, T 
Sahai, P 

A , Shbivastava, D L , 

N, and JIalik, K S (1930) 

Ibid , 

18 , No 

Hughes, T 
Maeiic, K 

A , SHHiVASrAVA, D L , and 

S (1931) 

Ibid, 

19 , No 

Wilson, D 

C (1931) 

Ibid , 

o 

• 

CO 

Idem 

(1931«) 

Ibid , 


Idem 

(19316) 

Ibid , 


Idem 

(1931c) 

Ibid , 



p 959 
p 969 
p 975 



Ind Jour Med lies , XX, 2, Oclohcr, im2 


STUDIES IN PEBNICIOUS ANEMIA OE PREGNANCY 

Part V 

PEODTTCTION OP A MACROCYTIC ANAEMIA IN MONKEYS BY 
DEFICIENT FEEDING 

BY 

LUCY WILLS, 11 A (Cantab ), mb, b s (Lond ), 

AND 

H S BILIMORIA, mb, b s , d t m , 

Maternal MoUahty Inquiry, Indian Research Fund Association 

{Fiom the Haffline Institute, Bombay) 

[Received for publication, Apnl 29, 1932 ] 

In a previous senes of experiments one of tis (Wills, 1930a) showed that it was 
possible to produce a severe macrocytic amemia m rats bv deficient feedmg, but 
this ansemia, though it only occurred m the ill-fed animals, was associated with an 
infection with Bartonella rnuiis latti As the diet fed in these experiments was 
based on one m common use among suflerers from pernicious ansemia of pregnancy, 
the possibility of a similar infection in such cases was considered, and an exhaustive, 
but fruitless search made for any evidence of such an infection The possibility of 
the mfection in the rat being secondary to the anceinia and not, as origmally thought 
the cause, was then considered and the present series of experiments planned to 
see if a similar dietetic anaemia could be pioduced in monheys Monkeys 
were chosen as they do not suffer from Bartonella infections, even after 
splenectomy 

Expebimental 

The 12 experunental monkeys {Macacus simcus), with one exception, an old 
male (No 0) who had been m the Institute for several years, were immature ammals, 
newly caught and qmte wild at first They were kept m separate cages m a large 
airy loom and were set free for exercise for a couple of hours every other day, and 
on the alternate days were exposed to the early mornmg sun for the same time 

( 391 ) 
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iStmlirs 'in Panicious Anwnna of Picgnancy 


Tlu' animals undor tile'll' ( oiuhtions rcmainocl actue and free from rickets, and, 
with a few extejitioiis from intcH uireiil infections llic experiment lan for 15 
inontli'' so tliat some of the animals weie subjected to all the climatic variations of 
the \enr 

The 12 nnininK, numbered 0 — b and ]« and '2n, were all fed on a basal diet 
consisting of polished lue 3(1 jiaits, white !>read 32 5 parts, wheat clmjiallx 12 5 parts, 
gin 10 parts, white pumpkin 10 jmrts and meat b parts Tins diet is based on one 
in coininon use among Idoliaimnedan women jiaticnts in Bomba) The ingredients 
were bought in the ba/aar and theeoloui tests foi Mtamins A and D were negative 
in all the samples of gin tested The iice, meat and pumpkin weie cooked together 
w'lth a little common salt and then intimnteh mixed with the remaining constituents 
of the diet The diet was fed in excess, and unlimited tap-water supplied to the 
animals In addition the animals weie fed on certain extra rations as shown m 
Table I The milk rcccn ed In niinibers 8 and 0 was not given by pipette but in a 
dish, and was not alwa}s completeK mushed, though the animals generally took it 
readdy 


Table I 


Number of 
monkey 

DaILI ADDlTIOnS TO mSAI. DIET 

Antenna 

Survival time 

lu tlavs 

Oranse, 

<T 

Cl 

Tomalo oi 
cariot, 
g 

1 

Cod h\er 
oil, 
c c 

Milk, 
c c 

Yeast 
pou der, 

e 

0 

10 





-b-f 

162 

1 

10 




1 

-1- 

173 

la 

10 




1 


66* 

2 

10 





+ + 

176 

2a 

10 





+ 

114 

3 

10 




1 

+ + 

169 

4 

10 





+ 

174 

5 


20 

2 



+ 

173 

6 


20 

2 



+ + 

200 

7 


20 

o 

u 


1 

+ + 

436t 

8 


40 

2 

60 

1 


436t 

9 


40 

2 

60 


+ + 

436t 


* Died fiom intercurreiit diairliota -j- Experiment ended 


The blood for exammation w^as taken from the ear vein The methods were 
the same as those used m the previous work {\\ ills and Mehta, 1930a), except that 
the haemoglobin was estimated as acid haematin m a Leitz colorimeter against a 
known acid haematin solution, standardized by the oxygen combining capacity 
method of Van Slyke 

Through the kmdness of hlr Jjaud, Supermtendent of the Victoria Gardens, 
Bombay, a senes of normal monkeys was studied and standards established 
(Bihmona, 1931) 
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Results 

The mumals ete dn ided into foiu groups, accoiding to their diet, and these 
groups M ill be coiisideied separately 

Gmij) 1 — ^Basal diet + 19 g orange 

Four animals, Nos 0, 2, 2a and 4, received this diet All died within 176 days 
of starting the diet , all failed to grov , and all developed some degree of aneemia 
(Chart 1) Rost -mortem there were no lesions to account for death, the only 


Chart 1 


Weights and Bed Blood Cell counts of monheys Nos 2 a7id 4 



abnormal findings bemg the extreme degree of wasting, a mild degree of visceral 
siderosis, and remarkable hyperplasia of the marrow of all the bones The type of 
anaimia present and the marrow change mil be considered m greater detail later 
Group 2 — ^Basal diet 20 g of tomato or carrot -R 2 c c cod-hver oil 
Two animals. Nos 6 and 6, formed this group They behaved m every respect 
like those m group 1 except that one animal survived for 200 days, showing that 
the dietary deficiency was not one of vitamms \ and C 




S(i((hc’s 'in PcinicioH^ Anrnma of Picqnancij 

Gionj) — IJjiMi) diet ]0 r c ornvf’c juico -J- 1 g Hnm'f’s concontrated yeast 

]>o\\ (lor 

Xo'^ ]. I(? niul .I formed < 1 in group Tliesc nnimnls, \\itli the exception of 
Xo 1(7 uliuh died of nn mtereiirrent attnrk of diarrlima, behaved like, and grew 

Ch \RT 2 

Tre)g///>. aiifJ Jhd Blood Cell counts of monlcy No 7 



no better than, the animals in group 1 on the same diet without the addition of 
yeast, so that either the addition was too small to he beneficial, or the vitauuD 
B complex was not concerned 
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Gwu]) i — Basal diet + 2 cc cod-liver oil -f other rations as detailed 
below 

This group IS made up of the three animals, Nos 7, 8 and 9, which survived the 
experiment, one as the result of treatment and the other two on their origmal diet 


Chart 3 

Weights and Red Blood Cell counts of monhey No 8 



(Table I) Each animal will be considered separately No 7 which received the 
Harris’s yeast powder as an extra ration, but no imlh and only the smaller ration of 
fruit, grew very poorly (Chart 2), and his red ceU count fell from 7 1 milhon to 3 5 
milhon per c mm "When the 5 east powder was changed to a larger dose of Manmte 


300 m Pnntcioiis Amnnia of Ptcgnancy 

(.1 oxtiiu I), this unl onh started to ininicclintcl}’’ bat Ins anemia 

cured ra})idl\ 

No 8 ■wlucli rot (M\ c(l inilk a double fruit ration and } cast powder, not only 
•ficu ^\cll but lomainod m })orf('ot health tlirouehout the experimental period 

Char I d 

and Jiid Blood Cdl counlb of monlcy No ^ 



No 9, which received milk and a double frmt ration but no yeast, giew well 
foi the first 30 weeks, but became anaenuc during this period On the 221th day of 
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the diet, he de^ eloped an acute attack of diarrhoea and lost u eight rapidly , this 
ittack was treated bj livei extract (B D H fluid extract 2 c c a day) for six days, 
when the diaiihoea stopped and the weight immediately began to rise agam In 
spite of this tieatment the blood picture deteiiorated steadilj’’ for the next 38 days 
(Chart 4), when for no discoverable reason, the blood coimt began to rise till it 
reached nonnal limits 2 months later 

Tliese thre e monkej s, unlike all the other experimental ammals, survived for a 
considerable period, but, as shown above, their condition varied No 7 did not 
grow , and became anaemic, but was cured by Marmite , No 8 grew and remamed in 
perfect health and No 9 grew but became anaemic, and then recovered spontaneously 
These findings suggested that theie was some common factor present m yeast and 
milk, possibly the vitamin B complex or some factor associated with this complex, 
that, given in large enough doses, protected the animals from anaemia The 
spontaneous cure which occurred m No 9 might be accounted for by an improve- 
ment in the vitamm B content of the milk, or a better taking of that ration, which, 
not being forcibly fed, was taken in var 3 ^mg amounts Another possibility was 
that the monkej'^, which w'as known to eat his own faeces, was cured by this means 
(Roscoe, 1931) Whatever the explanation of the cure, the flndings in these three 
ammals, especially the dramatic cure of No 7 by Marmite, were sufliciently sugges- 
tive to lead to a trial of this yeast extract m cases of tropical macrocytic anaemia, 
wheie it proved a most efficacious remedy {WiUs, 1931) 

Blood and bone-mareow changes 

The anaemia, which occurred in aU the animals except No 8, was of the same 
type but the most marked changes were seen m Nos 7 and 9, which survived 
longer than the other animals Table II shows the changes that occurred m 
these two monkeys dining the experimental period and, in addition, normal 
values, the average of the findmgs from 27 healthy ammals (Bilimoria, 1931) Chart 
5 gives the Pnee-Jones curves of No 7 taken before and at the height of the 
anaemia 

The anaemia was a macrocytic one Tliere was marked amsoc}dosis, the 
Price- Jones curve showing a shift to the right as the anaemia developed and a very 
definite increase in the variabihty There was httle podalocytosis but some 
polychroiuatophiha and stippling of the red cells There was no haemoglobin lack, 
the colour mdex was never depressed and increased as large cells appeared in the 
blood Megaloblasts were found at the height of the anaemia but normoblasts 
were more frequent, the anaemia m this respect resembling tropical macrocytic 
anaemia rather than true permcious anmmia (Wflls, 1930) The variability m 
the white cell count of normal monkeys is so great that it is very difficult to draw 
any conclusions without a large number of animals but m all the monkeys the count 
was decreased at the height of the anaenua 
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* 5,000,000 R E C =100 per cent EEC, and 14 g Hb =100 per cent Hb 



400 Sfitdic^ 'in PnniCiou<s Ananm of Piegnancy. 

Tlu' i(’‘’poi)s( to llio i.'ipul rise in llic ml (pI) count and Lfemoglobin 

poioonl.i"*' and the ( orrcspondin!,' iiHroii'^p in ilu pen cntnf;c of ieticiiloc}tes, was 
\ or\ drainalu in the onl\ (n'-o trentfd (No 7 ) 

Post-ninrt''in cxaininalion of tin 1110111x0%*^ that diod’^ revealed \er}’ striking 
chanijes in (he boiu'-inairou There uas a inaiked h\perplnsia of theniarrowin 
all the hone^^ and tlu*' luptrphiMa vas nndoubtedh of the megaloblastic type 

« 

CiJAin 5 

Price- Jonc'> ninr<!, moiilci/ No 7 



llonj^Ah. Cll 3 

m i 6 764 
cr ^ o 597 
V = 8 8 

Blo«o Q---0 ^0 

JT) n 7 It? 

SB 


lO OlAMCTER m fj. 


Plates X and XI show the replacement of fat cells by masses of actively dividing) 
immature blood cells Apart from fat cells the predommatmg cell in the shdes 
from normal monlceys is the granulocyte, whereas in the anremic animals the megal® 
blast and its precursors are the most obvious feature 

Discussion 

The experiment reported above shows qmte definitely that the feeding of n 
certam deficient diet to monkeys is regularly followed by the development of a 

* Some moribund animals and the controls Mere shot and e\ammed immediatdj' so that the 
material was absolutely fresh 
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lnac^oc^tlc niiremia in the animals receiving tlie diet The anaemia resembles very 
closely tliat seen in cases of tropical macrocytic anaemia and the marrow picture 
IS that of a megaloblastic In’pcrplasia The authois were unable to get post- 
mortem material from their human cases, but assume fiom the type of anaemia 
that the bone-marrow must show such a megaloblastic hyperplasia at some 
stage of the disease The diet wdiich produced this anaemia in monkeys 
was based on one m common use among sufferers from tropical macrocytic 
anromia and was also used in the experiments that ltd to the production of a 
macrocytic anaemia m rats (Wills and Mehta, 1930a) It would appear probable 
then that this diet is causally related to the anaemia both m animals and 
man The diet is not only relatively deficient in all the vitamins (vitamin 
D vas supplied by exposure to simlight), but also in protein and salts The 
addition of large doses of vitamins A and C did not protect the animals 
whereas the further addition of a large dose of Marmite, a rich source of the 
vitamm B complex and also of good protein and salt value, brought about a 
rapid cure of the condition The nature of the active fraction cannot be decided 
from the present work, but it is improbable that it is vitamm Bj, as No 9, although 
he developed an anaemia, grew well and can therefore be assumed to have had an 
adequate supply of this factor It is also unlikely that iron is the active curative 
fraction, as the Marmite used contamed only 0 015 per cent iron, which would 
represent a daily dose of 0 75 mg (0 011 gram) Finally, as Marmite is inactive m 
the treatment of Addison’s anemia (Mills unpublished, Davidson, 1931) it can be 
assumed that the ciuative factor in Marmite is not the same as the anti-ansemia 
factor contamed m liver 

But whatever the nature of the anti-anEemic fraction m Marmite, the fact 
that it is curatn e, not only m this nutritional anaemia m monkeys, but also in 
tropical macrocytic anaemia in man, forges another hnk m the chain of evidence 
pointing to a common dietetic origin for these two conditions 

Summary 

1 Monkeys on a diet composed largely of pohshed rice, white bread and 
cJiapatti, developed a macroc 5 d;ic anaemia 

2 The bone-marrow m the anaemic ammals was hyperplastic, the hyper- 
plasia bemg of the megaloblastic type 

3 Vitamms A and C failed to protect the animals 

4 The addition of Marmite (yeast extract) to the diet crued the anaemia 

5 One animal, on an additional milk ration, recovered spontaneously 

6 The sigmficance of these results is discussed 

In conclusion we wish to thank Mr E V M lUmott of the Photographic Depart- 
ment, Koyal Free Hospital, London, for the microphotographs 
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Plate X 



Fig (a) Section bone marrow from femur 
Normal monkey x 310 
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Fig (c) Smear preparation from femur Normal 
monkey X 575 Price Jones method (1910) 



Fig (6) Section bone marrow from femur 
Ano-mic monket X 310 



Fig (d) Smear preparation from femur 
Ansemio monkej x 575 



Plate XI 



Fig (a) Smear preparatioa from femur Normal monkev x 925 




Fig (6) Smear preparation from femur Anamio monkev X 926 
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THE GENERA HETERAKIS AND PSEUDASPIDODERA 
IN INDIAN HOSTS 

BY 

P A :MAPLEST0NE, D S O , MB, CH B , D T M 
{From the Hoohioun Research Laboratory, School of Tiojrical Medicine and 
Hygiene, Calcutta Supported by the Indian Jute Mills Association) 

[Received for publication, April 30, 1932 ] 

Intkodxjction 

From the time of Linstow, who made large contributions to our knowledge 
of the helmmthic fauna of the Indian region, a considerable amount of work has 
been done on the above genera by various workers in India During the past 
three or four years the writer has accumulated a large collection of nematodes of 
these genera from birds dymg m the Calcutta Zoological Gardens, and this collec- 
tion has been amplified by exammmg one hundred domestic fowls purchased in 


List of birds examined and paiasites found 


Species of bird 

Number found 
infected 

Parasites found 

Number of 
times found 

Tragopan pheaiant [Tragopan satyra) 

9 

1 

H 

%solon>'he 

6 



H 

variabilis 

6 



H 

bosia 

G 

Silver pheasant {Euplocamui nycihemerus) 

5 

H 

putaUBtraht, 

1 

1 


n 

gallinm 

1 


i 

1 

H. papilhsa j 

1 



E 

isotonche 

2 



E 

pavonth 

2 



E 

parva 

1 


J, MB ( 403 ) 
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Li'^l nf hin!'’ rrnmimd nvd jnirn'.Uc'! fomid— concld 


J'pocif"' of liinl 

Niinibf r fouiul 
infie(< (1 

Parasites foiincl 

Numher of 
times found 

neck phri'intit (/Vi«<ionin Inrjuntti^) 

1 

II galhmc 

1 

Knii] phcn'Jant Iruromrlnnw!) 

•> 

IJ gallmw 

2 



U tsolonche 


Golden phen'Jnut {Thnumnlcn ptrl't) 

1 

1 1 

ll gillina: 

1 

Po'icoek plicn'innt {PohjpUcirum Licnl 
carat urn) 

1 r, 

1 

H laiiahilts 

5 

Argus jiheiisniit ( Irgtf! giganlcits) 

1 

'I 

P paiomi 

2 

! 

\ 

P t ohtpluosus 

3 



P sptnosa 

2 

Jtonal pheasant {Lophophortn iiiipapanvs) 

2 

H isolonchc 

2 

Houhnra (Houbara maegueem) 

1 

U gallinw 

1 

Sonnorat’s Jungle fowl (Oallus sonnerah) 

1 

H putansirahs 

1 

Vultunno guinea fovl {Acrplhum rvl 
iurimm) 

1 

_ 1 

// gaUvxcc \ 

1 

Chakar partndgo {Gaccaht^ cliular) 

3 

H galhncc 

3 

Crested fire back [Loplntra rufo) 

1 

1 

U galhnw ' 

1 

Coreopsis goose (Coreopsis novee hollandtec) 

1 

H papillosa 

1 

Mandarin duck (Aex gahriculata) 

1 

? (Females onlv) 

1 

Domestic fowl (Callus gallus) 

30 

H galUncc 

SO 



S putaudrahs 

10 



H ttidf/i 

4 

Red-crested wood qmil (Bollulus roulroul) 

2 

P vohipluosus 

2 


the local market , thirty of these were found to harbour one or more species o 
HetemLis With the extensive material available the opportunity bas been ta 
of revising these genera as far as they apply to India 


Thk genus Heterahs Dujabdin, 1845 

Heterakis galHnae (Gmelin, 1790) rEEEBORN, 1923 
This was shown by Cram (1927) to be the correct name of the type species o 
the genus, which was hitherto known as Heieoalis vestculans (Troelicb, 1190) 
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The species is of world-mde distiibution and up to the present tune it has been 
recorded fioni thirty-seven distinct species of birds, which lepresent several ordeis, 
accordmg to the list given by Cram In the present instance it has been recovered 
from the following birds Gallus gallns, Euplocamus nycthemeius, E Icucomelanus, 
Phasianus lorqualiis, Tluinmalea picta, Houbaia macqueem, Caccaht chukal, Acryl- 
wm vuUunnum, and Lophura '>ufa 

Lane (1917) in his description of this worm, under the name H vesiculans, 
drew attention to the characteristic double curve at the end of the short spicule 
This curve is only visible when the spicule is seen from the side, and I have found 
the degree and abiuptness of the curve to vary considerably m difterent mdmduals 
(Plate XII, fig 1) The termination of the short spicule of ^ longecavdata simi- 
lar, and the only apparent differences between these two species is (so it is claimed 
by some workers) that the spicules and the diameter of the sucker m H longecau- 
data are somewhat larger than they are m H gallinw 

Tablk I ■*= 


Comparahve measurements of H galhnse and H longecaudata talen from 
Cram (1927) and obtained by the loriter f)om the hosts shoim 



Cram (1927) 

! 

]\lArLESTONE 



S galhnce 

ff longe 
caudafa 

(7 gallus 

E leuco 
melanus 

T picta 

1 

Number of birds lufected j 

1 

t 

30 

2 

1 

Number of worms mteasured 

? 

7 

96 

6 

12 

Length, total 

7-11 

7 9-9 1 

6 7-9 1 

8 1-9 2 

8 0-9 8 

Diameter, maximum 

CEsophagns, length 

CEsophagns bulb, diameter 


0 24 

0 26-0 42 

0 37-0 38 

1 0-1 04 

0 22-0 23 

0 33-0 34 

0 99-1 41 

0 21-0 24 

Sucker, diameter 

Distance of postenor border 
of sucker from cloaca 

0 06-0 075 

0 os— 0 09 

0 I-O 16 

0 068-0 104 

0 072-0 088 

0 14-0 18 

0 078-0 086 

0 16—0 2 

Cloaca to tip of tail 

0 45 

0 42 

i 

0 43-0 6 

0 46-0 6 

Spicules, length 

2-2 17 

23 

16-26 j 

2 2-2 3 

21—2 6 


and 

and 

and 

and 

and 


0 7-11 

0 72 

1 

0 73-1 3 

0 65-0 7 

0 6-0 79 


* la this and all subsequent tables, the measurements are m millimetres 









‘10(1 The Civoa Hot ('rakis (uul F^cudaspiclotleia ??( Indian Host^ 

In nil of flu> abo\r inoasnrcnK nfs, vhon a long soiics ^^as made as in the case 
of the material fiom 6' qellu^, there rsas a gradual increase from the smafet to the 
hirgcst. ^^hKh did not permit of th^ separation of one sjiecies from ataj 

amm nomt in the ^ale \Ko tlie iiuiease m s,/e of am special dimension didnot 
depend on the total si/e of the indnidnals, for often a rclatnelv 
rclatueh Ion” spirnles weie found m one of the shortest specimens, an Mce 
It should he noted that the ma\imum si/e ^le surher, m/ , 0104 mm , jasq 
elej^ionah and .as onh found once, m fact onl, six of the one hundred and 
twelve specimens measured had suchers or ei 0 002 mm tv,„i pc 

‘ Corirm.o„ of .1,0 a,.o^o («.s .ogo.hu ...h J 

,t clear tliat II 1 «n,n« and II lomircamM,, jajmot i^phon and 

H lonccomla,., Lmaton, 1S7<1, ,a a s,no,nm of II galh,,a T '' ' ” P 
dra.mgs of // paiu^i Blanc, lOB), as icproduccd hy Cram (1920, 
probabditr that this species is also identical .ith H galhncc 

Heterakis isolonche LrNSTOW, 1906 
Baylis (W35) loMsod Basamk’s material and he came to 
H neophslica Wassmk, 1917. is identical nith H ""'“’f a,„ensioiis 
male and female m W'ass.nk’s collection are difietence 

the latter Gives arc above the overage for the species Tlio most t,,., 

clamed by Wassmk appeals to bo. that m H ’’“P'" ' ^ tomthe 

spicules, when entraded a sholt distance, cross “Lt'i,mBtow's 

spicules in LmstoWs d, awing of fl tsolonc e Bayhs 

agnre was probably made from a specimen that had been lO j^ile, had 

vlass to get it into a suitable position, and that the relation -P 

?ecn altered hy this manipulation In the course of the 

noted that the pomts of the spicules often do he across each otho 

the side, because the long spicule tends to curve ventro-anterior y ^ 

spicule tends to curve ventro-posteriorly, but rolling of a speomuen ev 

extent quickly disturbs this relation the 

Chaudlei (1926) dcsciibed HetemJns lanei and Eetemhs hastata i 

crested fire-back {LopJmra lufa) Chandler appaiently bases ^^istm- 

two species on measurements alone, as he does not discuss how they ) 
guished from any previously known species oi from each other 

The differences m size exhibited m this table between Chandler s 
and the othei specimens measured are considerably less than the i ® 
between Wassink’s, von Linstow’s, and Lncet and Henry’s measniements, accor 
to the comparative table given by Bayhs (1925b and if this table is com 
mme both of Chandler’s species become completely merged in all their me 
ments between the extremes given From this it seems that both E lawi' a 
E linslaia are identical with E tsolonche It should be noted that the maxnun 
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Tablc II 

Com'pmaUtc measurements o/H isoloucho ialenfiom Cram (1927), H lanei ««(Z 
H liastata Cha7idlc) (1926), a7id the iviito's meas7ireme7its of tvo7ms 

f 7 0 777 the b77ds sll07V7l 



1 Cram (1927) 

i 

1 ClIAKDLEK (1926) 

I Maplestone 

n tsoinnchc 

1 

1 

H land 

H lutstaia 

j Pheasants 

1 

Silver 1 

Kaly 

Tragopan 

Number of bud'? lafeotcd 

? 

? 

? 

2 

1 

6 

Number of worms examined 

t 

? 

? 

21 

7 

68 

Length, total 

7 5-9 

9-9 6 

10 5-115 

8 16-9 2 

9 4-9 6 

7 0-9 1 

Diameter, maximum 

0 38-0 48 

0 29 

0 376 



0 26-0 42 

CEsopbagus, length 


1 25 

16 



10-125 

CEsophagus bulb, diameter 


0 19 

0 24 



0 16-0 24 

Sucker, diameter 

0 nO-0 150 

0 14 

0 146 

0 90-0 112 

0 106-0 108 

0 092-0 121 

Distance of postenoi border 


0 176 

0 16 

0 08-0 12 


0 14-0 17 

of sucker to oloara 


1 





Cloara to tip of tail 


0 4-0 45 

0 65 



0 45-0 52 

Spicules 

1 41 (equal) 

2-2 2 

1 76 

1 29—1 78 

1 77-1 98 

1 48-2 1 


or 

and 

and 

and 

and 

and 

1 

1 76 aud 1 4 

20 

165 

1 29-1 68 

1 76-1 90 

0 99-1 37 


diameter of the sucker found by me was 0 121 mm whereas the measurements 
given by other workers vary between 0 13 and 0 15 mm , but Baylis found the 
diameter of the sucker to vary between 0 09 mm and 0 13 mm , which brings my 
material withm the species 

In the case of the material obtained from the Silver and Kab] pheasants the 
spicules were slightly unequal or actually equal in length, whereas m the Tragopan 
the differences though very variable were considerably greater on the whole As 
no other morphological differences could be discovered these diBerences m relative 
length of the two spicules are not regarded as significant, especially as Linstow 
describes them as equal and Lucet and Henry say they are slightly unequal 

Heterakis variabiks Chandler, 1926 

This species was described by Chandler (1926) from the Peacock pheasant 
{Pohjj)lectru77i hicaharatum), and I have also obtained it from the same host and 
the same locality on several occasions It has been shown by Maplestone (1931), 
after the examination of a considerable amount of material, that the uncommon 
arrangement of the caudal papillae in the male, on which Chandler chiefly based his 
specific defimtion, was really an abnormality Purther investigation has revealed 
the fact that this species is also common m the Tragopan pheasant, and the 
reason it has not hitherto been recognized is that it has probably been confused 
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with II I'^oJonrlii , for unless (arcful nicnMircmouls and also detailed examination 
of thf* ‘.pu ulc‘’ nil nuulc tin ilihctctui'S nro uni appaicnt Therefore altliougli 
C'hniulicr liascd his spec i(u (h Icimiimlion of II innahihs on a ^arIahle character, 
lie hnjipcncd to luinic a spec les not j>rc\ loiiih recoidcd "’o the name must stand 


Tmili hi 


Coinparatnc measunmenis of 1\ \annhilis by ChandJer, and by the 

nnlcr from (hfjocnl hosts 



Cii\M>Lri 

1 

A^\I>I,ESTO^E 



Peacock 

jiheasant 

I’cacotk 

pheasant 

Tragojuin 
pheasant j 

Tragopaii 

pheasant 

Number of birds infectod 

Number of uorms measured 
Length, total 

Diameter, ma\inium 

CEsophagus, length 
(Esophagus bulb, diameter 

Sucker, diameter 

Posterior border of sucker to cloaca 
Cloaca to tip of tail 

Spicules 

( 

1 \ 

0-10 1 
O'!! 1 

1 ■> 1 

0 23 

1 0 085 

1 0 18 

04 

1 01-1 88 
and 

0 72-0 88 

5 

13 

0 08-0 000 

111-124 

and 

0 73-0 so 

0 

60 i 

01-75 

0 25-0 30 

0 00-1 45 

0 10-0 23 

0 OOS-0 080 1 
1 0 13-010 

0 45-0 51 

1 15-1 08 

and 

0 60-1 29 

28 

5 9-9 I 

0 24 -0 4.5 
11-13 

0 18-0 26 

0 068-0 08 
018-0 24 

0 42-0 53 

1 73-2 33 

and 

1 48-1 94 

1 


Comparison of tins table with the measurements of H isolonclie in Talile II 
shows that there is some overlapping m most pomts But m the case of the sucker, 
with very few exceptions aU of H vaiiabihs are smaller than 0 090 mm , and miio 
specimen of R isolonche was the dbameter below this figure In the case of the 
spicules the length of both is, on the whole, distmctly less in H vanabihs than it is 
m H ibolonche, but there is considerable overlapping as the longest spicules m 
E vanabihs are longer than the shortest m E isolonche But as with other species 
examined the longest spicules are not necessarily found in the worms with the 
other dimensions of the greatest, so comhmation of a sucker below 0 09 mm witli 
spicules within the range of E isolonclie is practically always a distmctive pomt 
A morphological difierence in the spicules was also noted In E isolonclie the 
short spicule ends m a simple curve facing caudallv when seen from the side, whereas 
the short spicule in E ■vaiiahihs seen from the same angle exhibits a shght double 
curve (Plate XII, fig 3) The result of this is that in E isolonclie the ends of the 
spicules tend to cross when extruded, as was pomted out hy Wassink, whereas the 
second curve of the short spicule in E vanabihs pi ''vents them crossing This 
IS of couise not an absolute distinction, but it is of considerable assistance m 
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idcubifyiu" worms with the spicules extruded and lymg on their sides The long 
spicules appear the same in both species 

It will be noted that the specimens from the Tragopan pheasant have been 
divided into two groups in the table Tins is because there appear to be two strams 
of the species, winch can be separated by the length of the spicules, there being a 
gap m the regular sequence of lengths found In the case of the long spicule this 
comes between 1 68 and 1 73 mm , and m the case of the short spicule the gap is 
between 1 29 and 1 48 mm , this difference is rendered moie strikmg as the two 
gaps come together m all specimens It would probably break down if more worms 
were measured, but this difference is recorded here to indicate that m spite of it there 
is considered to be only a smgle species concerned 

Heterakis bosia Lane, 1914 

I have found this species six times in Tragopan pheasants, and always m 
company with other species It was origmahy described by Lane (1914) from the 
same host It is easily recognized on account of the characteristic shape of the 
tip of the short spicule, and the relatively great thickness of these organs This is 
-well seen by coraparmg Fig 4 (Plate XII) with the drawmgs of the spicules of other 
species in this paper which are to the same scale 

Table IV 

Comparison of the measurements of H bosia given by Lane (1914), and 

made by the writer 



Lane 

JIapeestone 

Number of birds infeolcd 

? 

6 

Number of worms measured 

? 

23 

Length, total 

8 1 

8 6-9 8 

Diameter, maximum 


0 37-0 47 

(Esophagus, length 


13-16 

(Esophagus bulb, diameter 


0 22-0 29 

Sucker, diameter 

0 25 (0 116) 

0 116-0 128 

Posterior border of sucker to 
cloaca 

0 35 (0 143) 

013-0 18 

Cloaca to tip of tail 

1 3 (0 66) 

0 65-0 69 

Spicules, length 

1 6 and 0 9 

1 48-1 85 
and 

0 87—1 03 


It will be noted that my measurements and those of Lane are in fairly close 
agreement except in the case of the diameter of the sucker, the distance from the 
sucker to cloaca, and the length of the tail But if these measurements are 
calculated from Iiane’s drawmg by the scale accompanying it, the figures m 
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l)r.ickotv<- aro obt'iiii''fl whuh l)img thcst throe iiicnsuromonts into line Mith mine 
for the ‘•nine point 

Hetcrakis pnvonis > sr 

In t«o SiKor p!ien‘''Uits male Ihkrnln were fomul w incli lesemblecl Zf galhm 
siiporfitialh , lint tlie short spunh has a harl) similar to tlint described in Psciida- 
'^ptdnhra p'nonts Jbalis and l^anbne} (1022) (Plato XU, fig 5) On the whole 
tho.sc worms appeal to be smallei than 11 (/alhna, but the point is of little importance 
b3r*in<' the smill number of woims .nailable foi examination 

Tai’IT Y 


Ilhasurcnicvh of H pa\onib 


Number of birds infeetcd 

2 ! 

Sucker, dmmeter 

0 068-0 072 

Number of worms measured 

G 

Posterior border of sucker to 

0 11-0 12 

Length, total 

0 8-7 

cloaca 


Diamctor, ma\tmum 

0 2')-0 27 

Cloaca to tip of tail 

0 14-0 i/6 

(Esophagus, lengtli 

0 91-1 0 

Spicules 

1 68-1 SC 
and 

0 694-0 673 

(Esophagus bulb, diameter 

0 n-0 lb 


No other morphological diffcicnces between tins worm and H gdlhna could 
be discovered, except that possibly the notches at the bases of the bps appeaie 
to be shghtly better marked, and the dorsal hp appears to be moie roimded m 
H pavoms, but these difierences arc so slight as to be of doubtful value as 
distmgmshmg characters (Plate XII, fig 6) 

Heterakis indica N SP 

During the detailed exarmnation of aU the male Heteiakis obtamed from thirt) 
jufected fowls, it was noted that m four of the collections tliei e were a few specimens 
lU which the spicules were much shorter tlian in the smallest of E gatlina: Closer 
examination revealed the fact that the tip of the short spicule was different (Pl^h 
XII fig 7) Another point was that the caudal alee met on the ventral surface 
anterior to the sucker (Plate XII, fig 8) No other differences from H gdllin(f> 
with which they were always associated, could be made out 


Table VI 

Measmements of H indica 


Number of birds infect-ed 
Number of worms measured 
Length, total 
Diameter, mavimum 


5 

15 

5 6-72 
0 22—0 28 


Sucker, diameter 
Spicules, length 


0 064-0 076 
0 99 -1 10 
and 

0 297-0 396 




P A Maplestone 


411 


Heterakis putaustralis Lane, 1911 

This species \\as desciibed b} lane (1917) from domestic fowls in Bengal, and 
at the same time he also described li bomufona from the 'amc host In his 
discussion Lane indicates how these two species can be distinguished from 
H xsolonche 11 icsicithris (galhncc) and E bosia, but he dees not consider how 
the} ma\ be distinguished fiom each other 

Table VII 


Compatahvc measincv^cnls of II beramporia and H piitaustrabs by 
Lane, and sj)cciv>cns from fouls measuied by the urita 



Iane (1914) 

JIatlestone 


H putauatrahs 

H beramporia 

H putaustralis 

Xumbor of birds iiifeotct 

? 

? 

10 

Number of worms meviured 

? 

9 

26 

Length, total 

7 0 

5 5 

4 78-6 34 

Diameter, ma-simum 

03 

024 

0 18-0 26 

(Esophagus, length 

0 91 

0 746 


Sucker, diameter 

0 080 

0 056 

0 58-0 82 

Posterior oorder of sucker to cloaca 

0 12 

0 25 (0 13) 


Cloaca to tip of tad 

05 ^ 

0 73 (0 37) 


Spicules, length 

0 56 and c* 26 

0 7 (0 35) 
and 

0 6 (0 30) 

0 32- 0 51 
and 

0 26-0 36 


Under the heading H beram 2 JOi la in the above table, 'where two figures appear, 
the first one is that taken from Lane’s te^t and the one in brackets is that calculated 
from his drawmgs Vhen these corrections are made it is at once apparent that 
the measurements of Lane’s two species come -within the variation I have found 
in my material and which appears to represent a single species 

From Lane’s descriptions and figuies it appears that the spicules of his two 
species are of difierent shape His Fig 2 of the spicules of E beramporia 
fiom the side agrees with m-^ Fig 9 (Plate XIII), and his Fig 6 which 
IS described as the left spicule from the venter of E putaustralis agrees 
with my Fig 10a (Plate XIII), which is a ventral view drawing of the spicules 
from the same specunen that Fig 9 (Plate XIII) was drawn from Lanes 
Fig 7 which IS described as the ‘ right spicule ’ is obviously of a lateral view 
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as no aliv aio \ isihlo, herons in\ 10 (Plate XTII) shows that both spicules 

aio nl'if'' ulion \ louod dor-'O \onf rnlh UK colioctioii of tins species ^ as obtained 
from ton fowls ond in tho senes thoro is a prndnnl "sanation from the smallest to 
the largest m aP tho nioasinomonfs, wlnth dors not allow of tlicir separation into 
two spotios nsm<f si/o as tho cniorion It is thorefoic concluded that J? hemmjima 
IS a s\ noinm of II pufau'^tiah^, jirioritt being given to the latter name as it 
comes before II hmimpoint in the paper m wliicb tbc} arc both described 

The rolatneh prominent doaial region wlien \icwcd from the side gives this 
worm a cliaiactoristic ajijjcaranco , tins is shown in Plato XIII, fig 9 

In addition to iicmg found m the domestic fowl I ha\c a single male which 
was recoxcied from a Sonnerat's jungle fowl (Galh/s sonnerah) 

Heterakis papillosa (Bloch, 1782) in pait 
Two npparcntlv full grown males of tins species, accompanied by two mimatiire 
females, w'ere obtained from a Silvei pheasant In sue and general appearance • 
they agiec with the desciiption of H papillosa by Cram (1927) 

Tvule VIIT 

Compaialive measwements of H papillosa Jiom Ciam (1927) and made by 

the wiiter 




MArtESTONE 

Number of worms measured 

? 

2 

Length, total 

9-13 

8 4-11 S 

Diameter, raammum 

0 62 

0 36-0 4 

CEsophagus, length 


1 12-1 3 

(Esophagus bulb, diameter 


0 18-0 21 

Sucker, diameter 

0 22 

0 216—0 22 

Postenor border of sucker to 
cloaca 


0 21-0 30 

Tad from postenor papdlro 


0 02-0 12 

Spicules, length 

0 61 

0 60-0 54 


In the above table the only marked difierence m measurements is in tbc length 
of the tail, and as this vanes m my two specimens between 0 02 mm and 012 mm 
this cannot be regarded as a specific character, especially as the tails are of the same 
type, VIZ , a fine point composed apparently wholly of cuticle 
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(1923) liscussing II monlicdhana Stossich, 1892, and H sUjlosa Linstow, 
1907, disposes of some of tlic confusion tliat formeiH existed owing to their discordant 
descriptions In m} two spccunens in the lateral view, the suclcer is not so pronunent 
as in Stossich’s drawing (reproduced in Cram), and which Baylis sa^s agrees with 
his single specimen , but my specimens have a thick cuticular covermg to the sucker 
with a central opeimig which, if drawn out, would resemble Stossich’s figure The 
papdl® are normal m number and m one of my specimens m which a true ventral 
view was obtainable there is a pair of sessile papillie opposite the base of the large 
post-cloacal papillce (Plate XIII, fig 11) These aie almost certamly a variation 
from the normal 

Baylis (1923) also describes narrow lateral flanges along practically the whole 
length of the body My specimens agree with this, but it may be added that in 
the oesophageal region the flanges become broadei, formmg a distinct elongate cephalic 
expansion on each side 


Heterakis caudata Linstow, 1906 

A large number of specimens which I have identified as belonging to tins species 
were obtained from a Coreopsis goose {Coieop<<is novw-lwlhndta) 

Table IX 

Comparative measmements of H caudata given by Cram (1927) and made 

by the miter 



Ceam 

MArL-ESTOlIE 

Number of worms measured 

1 

? 

24 

Length, total 

78 

7 3-9 6 

Diameter, maximum 

0 29 

0 22-0 35 

CEsophagus, length 
(Esophagus bulb, diameter 

0 92 

1 3-1 35 

0 24-0 26 

Sucker, diameter 

Postenor border of sucker to 
cloaca 

0 18 

0 108-0 158 

0 18-0 24 

Cloaca to tip of tail 

Tail from postenor papillai to 
tip 

Spicules (equal) 

0 86 

0 32-0 4 

0 14-0 2 

0 44 

0 39-0 51 


In the above table the only measuiement of mme that does not embrace 
Linstow’s IS m the diameter of the sucker, and as tins is clearly verj variable in this 
species as well as m all others that have been adequately studied, the diflterence is 
not considered significant 

Comparison of this collection of worms with the two specimens of H papillosa 
described above, reveals complete morphological identit} between them, the only 
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•hlTcroiKt's Ix'iim llio''!' af ^i/( (Plato XlII fiL''^ 11 and 12) For example the 
pir.nln-u'il ])'ipillii' .no iilati\<'I\ fin apart in both .ind the first pair of this 
uump i'' fartlioi m fiont of flu (loiun than i‘' iiMial in tln^ gemis This character 
.qipcMU'd t<' bo ( oust ant in all tin spMinun^- examined The sneher is covered 
bv a tutidihir Cl]) with a (onfnl oj)onnm .ittadicd to the bolder of the notch m 
the jio^terior wall of thi ^ndvor Tho strong indialh arranged muscle hands m 
the lemon of tho ‘'iirKor iri' jiro'-ont in both The diaiattor of the tail is the same 

in both Iho spunlos are of tho s.nno tj po in both, with characteristic bistonry-lihe 

tips (Phti XIII, fig 11) \nd fnialh tho expansion of the lateral flanges m the 
rcsojihiigeal roinoii ocenm ni both (Plato XlII, fig Id) The only differences are thus 
111 S170, and tlie^o ha\o alioad\ boon shown to be \ cry x ariablc characters in all the 
species that have been adcipiatoh studied, so they arc not considered of importance 
in the picscnt instance CNjicrmlly ns the ho'-ts fiom which the two collections hare 
been obtained nic m different oiders \i 7 , Galliforitics and Ansenfomes It is 
aocorclmglv con^'idercd tint // aimhtfa Linstow POG, is .i sxnonyinof ^ 

(Bloch, 1782) 111 fiait Two otlioi species which show concideiable sinulantx with 
H pajnllosn accoiding to the descriptions in Cram (1927), are H 
Gendre, 1911, and /f arcitmtaUala Linstow, 190G, and fnrthei study of these species 
might mdicate they are also tho same 


Heterakis vulvolabita C]^A^DLER, 1926 

Chandler (1926) described this species fiom the Black-thioated hill-partridge 
{Aiboncola toiqucoh), and I have recovered it from the same host 


Table X 

Gomparafiva vteaswewents of H xmlvolabita by Chandln and Ihe xinU't 


Number of Avorms measured 


Length, total 
Diameter, nia'\imum 
CEsophagus, length 
Oesophagus bulb, diameter 
Sucker, diameter 
Postenor border of sucker to 
cloaca 

Cloaca to tip of tail 
iicules, leugth 




Matlestoee 


? 

A 

6-7 

5 98 — 6 5 

0 2') 

0 24-0 23 

0 87 

0 78—0 8 

0 165 

0 15-0 17 

0 05 

0 46-0 48 

0 09 

0 08-0 090 


0 28-0 ■>2 

0 635 

0 576—0 600 

and 

and 

0 20—0 30 

0 312-0 32 




}\ I, , 


Ho 


I'hi'w lO'U'" ol\'U'lv »\ » nwtl, il hI/o wou' tho 

owU ohmm'h'\, H \\»U',hl I'o iloxuilO lhn( iu\' //, 

Uwl I ho u\ //, t'ulro'uhKd ^lU\\d \o\\ (otoko^llN U\ lIuoHu,,', Uu' hnim'V oiu' 

I'oioo, vo>'\ (K'ltonlo ilMolt' \1H. \U' ioi atul llio nimiloi 'iplidih' \\\w owd'' i\\ d 
oKiWtU'hni ' 1(0 li|\ (I'Inli' \lll, liv\ |(0, wlooooi lli\' m|\(o\iIo'i of IL /'((f(( 0 \< 0 (/(>v two 
t>f l\\\(MO\in\'tlol\ lit" "W(\ ' (lW''lwiOi' tWttl (ho ihtoW't t'Wt' t'lufo IK w t((lhMt'\(ll\ 
ihn|"''l I'lW'ioMl i>o\t\( H'htto \ 111,11(1 

llolovivlkltt |»tw’vu \1 \\'( i"i(oNl , U>'M 

ritd t|ti'''tot Will loiiml In till' ;t\l\oi |ilioii'iint on ono ooumlon onl\ , iwiil tin no 
inoio nnitoiinl w hmwIhIiIo Ioi itiuh tliow' (n til |iioionl nolliino In tnlil lo llio 
ilo'otunlon iilw'inlv n(\on 

Mi'lnvnlilti loun»'ni>loHlm\\ M W't I'nrnM', U'ttI, 

I'htn iH'i'oloH Will oliliWinnl lioin tlio lloil olo.itoil wooil unnil H'ulu^ill), 

'tinoo tlinl lini" n nnooinl oollooiion ol lliom woinin linn lioon looovoioil Iw'tn llin 
niwno Iniil, iwnl oMiininntioii of tlio Intloi Inin toil nio lo llio ooiioliinion lliiil //, /(i(i(/i,\ 
/iii'itltno ti tilonlloiil wllli f'l in/it\/i(i/oifnii( i'o/t(/>f(tiw<(,\ oiotot ('linnillot, HW(1, 1 wtui 

oi'ii\(inill\ loil ml I 01 1 01 liv not iillowlini loi nlii\lil ililli'i\'iioo!i in niw', iinil l\v I In' 
fnol I lint in in\ 111 it oollooiion ol tliln njioolon llio oonlonn on llio lljii two no inillnlinol 
ni 111 III' priiolloiilh nni''oiu\nnnlilo tin mmli, linl in llio noi'onil oollot'lion lliono 
nlt’iioliiioi III" nnioli oloiiioi', lliim oiinlil(n(\ inn lo t'oiti'ol ni) ilinunonin, 

(I'mti’ot/ i'ii(iMi/i ni/(()(/wfj( tintli IlnlottiKin, 

'I'linnnilionl lliii |'ii|'i'i' Il will Im nolml Unit no ilolniloil ili'n('vi|i(lonn ol llii' 
i|ii'i'lnl nnilo olininoloin linvo lioon fiivon, willi llio ovoi'iilion ol llio n|iionli"i, 'I'liln 
il linoiiiii" III" (iioionl oMonnivo in\'ontii\nllon linn nliown llinl iniin,v ol llio ininoi' 
polnln llinl lin\o lioon oonniiloioil ol n|ii'i'lllo viilno liy olliov woilo'in mn no| in'iinltinl 
III n ijioi'ioi, mill llinl oMitnlnnlinn ol n mnnliot’ ol worinn nluiwn llio,\ tivo niil'joi'l lo 
jiionl vnvinlioin 

fl) r/fo MtoAot iwn/ «!,'( u'liiliil /‘iiftilLi 'I'lin (y|iit>iil niinnfionioni nt'i'ii in |\\o 
fnli'ly loni( ilolionlo (in|iillio on onoli niilo ol Hit' nnolo'i’, 'I'lii'no niny lio niliinli'il oinno 
III Mio lioisloi' ol llio niiolo'r, in noino t'linon (t'niioi'liill) llio |ion|ni'ioi' |init') lyiiifi in 
nlnillnw' ni'oiiVi'i on ih oiiloi’ oilfso, oi' llio |in|i|l|io niii,\ lio nonio lilllo ilinlnnoo fimn 
III" niioH'i’, 'I'liovo niny ho n ninnlonoonnioi'y )in|iillii on ono niilo no n pnii’ of pnnillio 
nnlorioi' In llio niiol'"i' (I'liilo ,N1I1, ll(i, 17, Jl), 

L-i) /7n> /i(tt(o/('((oi(/ (i((/i(//((, T\jiionlly lliin (iion|i oonninln of loin |inlin of 
|ioilnnonlnlo imiiillio, ninl two |iiiii i ol nownlo |in|iillio ninio oonlinlly I'lnooil on (In' 
vi'iilnil niii'lnoo, H’olliiwiiifi llio nninlioui In rinlo.SlIl, (Ip if, ii |„ ('(ininioii lo 
llinl iiiii’i I mill !l I'oinlivi'lv nniiill nnil umi' 'J llm Imnonl, Inil llim \mion lo nonio 
ovioni mill oooiinioniilh nil fmir imiin ii|i|iioiioli o(|iiiillly in niro in mw n|iooii'n 
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l,wnK m ‘T 'I T <lmf o.fhcr pair 1 or pair 3 

0 or I V‘’ » )>•’■'• -f papilkmay bo present 

nmll , ’ (Pin,, XHI. f,. 17, .]3) A single pedunculate 

fi- 17 lithe Mitko, nnd the purarloacnls (Plate XIII, 

^ f>f larue pedtiiK uinte pipilbe are always present between tlie 

c o.iei atu (au( a uroups Ociasionalh there inn\ be a pair of se&sjle papilla; 
near the hav^-, of the^' laigei ones (Plate XIII, hg 17, Ai) 

nl\ mail diar.itiers wlmh ajijieai to bo reliable for specific distmction 
c . lapc an , within wide limits, the si/e of the spicules Tins applies especially 
0 he shorter spicule in all the spec les studied, for in pnicticalh ei'cr}’' instance tk 
-ip ms barb or ciir\e which onh \aiics slighlh within the species 

a} IS ( „j) drew attention to the slight reliance that can be placed on mere 
measurcnicuts in determining species, and this has been abundantly confirmed m 
the present iin cstigation 

Gcncrat considerations rcqarding female Heternkis 
The females hay c not been included in tlic above dcsciiptions for, witli one or 
wo excep ions, t ere appear to he no morphological choracteis whereby they may 
e i^mguislied from each other Tims // gal/iiia:, H bosia, H isolonchc, H mdm, 
fi appear to be similar The vagiim m all of these species is of 

^ 6 same t}po and it extends forwards m rts primary loop for 0 33 mm to 

- fi ^ noted in some specimens that the vagina rims 

Ld Z T% 1 ’ ^ Exammation of a large number of individuals has 

arises about Tom "" T 

worms in which oviposition has noT 

course from the vulva (Plate XIV, fig TsT ' 

m all the^snecies I bi!^^ some workers as a specific distmction, but 

middle of the body length ^ ^ hhat the vulva is usuaUy behind the 

always found with the vulva at tbp ^ exammed, however, some are 

of no value to give the vrovnrhm. middle or mfiont of it For this reason it is 
length as a specific character ^ divides the total body 

PapiUce in the remon of the vnlv j 

apd_Bayhs and Daubnev noooi ^ as characteristic of fif uoloncJie, 

^ by the male sucker Th opmion that these w^ere artefacts 

piUm ’ of this nature havp liiquiry has amply confirmed this view, 

id their number nnrl ^ examples of every species 

mmber and position ias been extremely vamble 




(K)o~bio() woo-r.too «ioo-r,io() hioo-hoo loo-oioo loo-woo oioo-iiioo sioo-oioo 

!liOO-bU(M) Sl)() ()-<•;!)()() 'JiO O-HDO 0 OilO 0-000 0 H0 0-M)()0 bO 0~HOO 0 CiO 0-000 0 040 O-bOO 0 
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L-ino (lOlt) m (h'^diplinn of II Ixramjiona ricscnbes nnd figures a va^na 
..,„UuK..Mm,l,.rU,nu !■> 1 % (Pint,. XIV) «,tl, n Hn,, covenng the '-“I™ ft™ 
i 111.. 1' 111,, il'linl ,i|.|ii..iriili( ,. ^Oi-ii, lint in .onlc .pctiraons tlie flap oier m 

Milva m iiiili.iiiir ni IlnTi min In. no (In,, iiinl llio M.lva opens on a pronnnm 

(I’lnlo XIV fig I'l) In liiMli'Cil|illon of // ;i»/oi,ifioli' all lie eats in cscii g 
tlu' \ I'Mim 1‘a that ‘ tlic (f'plmlnd ftir\o of tlio \nginn is comphcatcfl 

'i n I .1^10,1 IS no. 'limn, .11. ..i ,..s.inginsli l. lion, an, o. her spmes an 
non of .lie 'anal, ill., note, I in .lie case of .lie Mil, a it -“n^red " 

,s notliing in llie f,. males of lliosc l,io species nlic.eli, tlie, 

Mo.f of .lie liiitls (Miinlned liinl iniccil infections as pit ^ tn rhiade 

coco 0,1 from .lion, an.l all .Ini. .onl,l lie ,loiie iii.li t ie <™’*; * 

them noim.il, In sine, assiiniing .lie laigei specimens ‘o ' - ^ " 
males „ero larger, lint e,en .lien man, of . liom came 
and could be cqiiall, „ell classified nitli either laige or sm J’ 

With tins reservation, the abcc table has been ‘“J, ,„aei 

approMOiatc mdieation of the sire of the females in le , ^ 

discussion This has been done by choosing vhere possib e, . U 

males of onl,' one species «eic present, and „ here this eoni „„ other, 

were chosen in which the males of one species far onfmm lJclong^o the 

and It nas then assimied that most of the females present non 6 

species with the m.alcs in tlie majority 

The genus Pseudaspidodeia Baylis and Daubne^, 1922 
This genus was erected by Bayhs and Daiibney (1922) to ^ 

pidodem pavoms which is characteri/ed by the J 

to<^ether with the male characters of the genus Hotel alls Un ) 

VIZ, P volupiuosus Chandlei (1920) has smee been added to it 

Pseudaspidodera pavoms Baylis and Daubney, 1922 ^ 

This worm was origmally found m the Burmese pea fowl hen 

have also fouud it m this host ou several occasions, as y^ll m " of 

(Pavo enstatus) and the Argus pheasant {Aigus giganteus) M} - 
numerous specimens has not revealed anythmg which may be added to m 
workers’ description 


Pseudaspidodera voluptuosus Chandler, 1926 
Chandler (1926) described this species from the Argus pheasant, and a 
variety from the Red-crested wood-quail {Rollulus loulioul) I onne 

species m the same two hosts as Chandler recorded it from, and niY eEamma 
supports his view that the specimens from the quail are smaller than those roin 
pheasant There is an additional character which I have noted and w ic bu 
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be added with advauhigo to Chandler’s description and that is that the primar-^ 
forward cur\'^e of the vasina is relative^ long, leachine: from 0 9 to 14 mm anterior 
to the viih a (Plato XIV, fig 20) 

Pseudaspidodera spinosa ^ sp 

This ^oim was ti\ice recovered f”om the mtestine of the Argus pheasant (Aigus 
giqnnteus), and on both occasions ituas accompanied by Psendaspidodent volvptvosvs 
Chandler, 1926 

The mouth is surrounded br tliree lips , a broad dorsal lip with lateral angles 
into which long papillse run, and two large subventral lips (Plate XIV, figs 21 and 
22) The cordons may be best considered as three in number, one m relation with each 
lip and continuous with one another at the mterlabial clefts The cordon of the 
dorsal Iip runs posteriorly from the base of the bp on each side and its central poiiiion 
IS recurved forwards to about opposite the end of the first part of the oesophagus 
(Plate XIV, fig 21) The subventral cordons run a httle further back than the dorsal 
cordon, and they are elongate, simple curved structures without a central re-entrant 
portion as m the case of the dorsal cordon (Plate XIV, fig 22) The cordons are 
armed for their whole length by a smgle row of relatively stout spines 

All the other characters are the same as m the genus HeteraJas so they call for 
no general description 

Male — The caudal alae appear to be divided mto three portions by one trans- 
verse groove between the sucker and cloaca and a second one just behmd the 
posterior group of caudal papillae (Plate XIV, figs 23 and 24) There are twelve 
pairs of caudal papillae, the arrangement and relative size of w’hich can be seen m 
Plate XIV, figs 23 and 24 The spicules are similar but unequal m length 

Female — ^The vulva is a httle distance behind the middle of the body The 
openmg itself is not piominent (Plate XIV, fig 25) The vagma begins as a shoit 
horse-shoe-shaped muscular tube runmng forwards, it then bends backwards and 
running posteriorly, it divides mto the divergent uteri some distance behmd this 
opemng 

This worm has the characters of the genus Pseudaspidodera, which may be 
briefly defined as diftermg from Heterahs m the possession of cervical cordons, 
and from Aspidodera by the presence of caudal alse m the male It is true that m 
P pavoms the genotype, and m P voluptuosus the onty other species, the cordons 
ciuve outwards and backwards from the inter-labial clefts and do not anastomose 
with each other, so that there are six short cordons In my species the cordons 
are very different Similar differences m the cordons m the genus Acuana have 
led to the establishment of several subgenera, w'hicli more recent workers are 
irclined to make mto distmct genera In the present mstance, with only three 
species to deal with, I consider such a subdivision premature, and prefer to include 
mv species m the genus Pseudaspidodera imdei the name Pseudaspidodera spwosa 
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u sj> If Jnoic s[)(*( ICS \u()i (lie ( lijiKK (ers of (Ins ^onus arc discovered Infer, a 
sui)di\ ision m(o sii()m>ncia oi iicm (im be cncctcd cnsih, if (lie genus is bcconung 
so unwiclfh us t<» rcntlci this (oui'sc luKisnble 
llosf Jiqu'; (ji(/itnt( u<> 

T} })( -spci mu IIS uic in the Indian jMnsciini, Calcutta 


Tohh of wai'^nicmoils 


Lcngtii 
Diameter 
Cor (oti'i, longtli 
dorsnl 
hub\ ctitrul 
Q^sophngns, length 
OLi'-oplingcnl bulli 
lengtii 
IirencUh 

Qilsoiilingiis, nntenor part 
Seiculcs, length 


Sucker, diameter 
Distance between sucker and 
cloaca 
Tail, length 

Distance of vulva from tail 
Eggs 


I 


Male 

, 1 emnic 

7S-S5 

' 9 26- 9 46 

0 (5-0 19 

0 45-0 49 

02 

, 0 21 

0 22 

0 27 

0 b')-0 69 

} 0 60-0 71 

0 32-0 14 

0 32-0 34 

0 2G-0 28 

0 25-0 28 

OOS 

1 0 11 

0 01 1-0 673 

1 

and 

1 

0 277-0 317 


0 21-0 2') 

1 

0 14-0 18 


0 30-0 15 ! 

i 1 09 

3 745-4 OSS 

0 060 V 0 036 


Baylis, H a (1923} 

Idem (1925) 

Baylis, H a , and Daubney, 

CuANDLEB, A C (1926) 

Ceam, E B (1927) 

Lane, Clayton (1914) 

Idem (1917) 
Maplestone, P a (1931) 
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E\pianation of Piatf XII 

1 Ileterahs galhncc Tip of short spicule, lateral view, showing variation in 

shape 

2 Hefcrahs isohnche Male tail, ventral view 

3 Heterahs vanahihs (a) Long spicule, tip (6) Short spicule, ventral view 

(c) Shoit spicule, lateral VlC^\ 

Heterahs isolonclie {d) Short spiciilc, laleial view (e) Short spicule, 

ventral view 

4 Heterahs hosia Tips of both spicules 

5 Heterahs favonis Short sincule, lateral view 

6 Heterahs pavonts Anterior end, dorsal view 

7 Heterahs indiea Short spicule, ventral view 

8 Heterahs Muhca Male txil, ventral view 



E\ri,AN VTiox or Piatp XTTI 

9 Uclcrahs q}ut(tv‘ilrali‘; Male tail, Literal Mew 

10 Ilcleralts fulmi’ihahs Spicules, ventral mow 

11 JJelerah’i fdjnUo’ia Male tail, ^cntral \ icw (From pLeasant ) 

12 IlelcHilis jmpiUo’sa Male tail, Acntral viciv (From goose) 

13 Ilelemhs papiUo^ia Short spicule, lateral mow, showing variation in shape 
11 Ileloalis pajnllosa Anterior end, Acntral view 

15 Heteralis vulvohhita M.ile tail, ventral Mew 
IG Helcralis vulvohhila Short spicule, Lateral Mew 
17 Diagram of male tail of a Hetetahs (not to scale) 





E\^LA^ATIO^ OF PlATI- XIV 
18. Hclcrahs gnlhnct Vulval region, female 

19 Hclcrahs fxilaxtslrahs Vuhal region, female, showing variation 

20 Pscudaspxdodera vohiptuosxis Vulval region, female 

21 Psex(das]ixdodera spinosa Anterior end, dorsal view 

22 Psexidaspidodcra spinosa Anterior end, ventral view 

23 Psexidaspxdodcra spxxxosa Male tail, ventral view 

24 Pseudaspidodera spinosa Male tail, lateral view 

25 P scudaspidodera spinosa Vulval region, female 








‘i22 Srnnplc Sinrcj/t of Lrp}ofii in India 

tlio actiinl num1)er nntl tlmt tlicro %M'rc po'^mbly 5 to 10 time'; as nrnnv actual 
eases 

(2) Accordiog to census returns and to other information n^allab]e the inci- 
dence varied in different areas It vas considered important to lind out definitely 
vliethcr this was so and what wore the jirineipal factors influcnting the geogra- 
phical distiibntion 

(3) Tlacial incidence was another matter to be investigated and the reasons 
for higher frequency among certain classes of the population 

(4) A fourth reason for continuing the sun cy came to light after it had begun, 
V17 , the local interest created by' the results- obtained under the first three heads 
The high frequency' of leprosy' revealed by the survey' called for the training of 
doctors, initiation of treatment centres, and the appointment of special leprosy 
officers , in fact local organisations were formed m several of the proiinces and states 
as the direct result of the \'isits of the surv'cy party 

The methods adopted 

It was reahzed from the outset that the only method of carry'ing out a success- 
ful survey was to w'ln the confidence of the people The stigma and odium connected 
with leprosy' make tlie suffeier from this disease extiemely sensitive and timid 
His tendency is to hide his disease Any' show' of force w'as likely' to lead to con- 
cealment The only inducements which could secure his co-operation were the 
hope of benefit from treatment, and tcachmg and persuasion It w'as therefore 
by combining propaganda, treatment and survey' that we found that lesiilts could 
be obtamed , and we called this the P T S (Propaganda-treatment-suivey) 
method Along with this was combuied the training of local doctors, some being 
delegated by local governments and district boards and others attending of their 
own free will 

Usually areas were chosen where local mfoimation previously gathered 
showed that there was the highest incidence and, if possible, other neighbouring 
areas of low incidence were surveyed to bring out the contrast and compare the 
conditions 

The unit chosen was generally the (liana oi the talul with a population 
of 20 to 40 thousand Arrangements for a clmic were made in some central 
and convenient location The villages where cases of leprosy were known to 
exist were first visited and contacts of mfectious cases examined Patients 
were mvited to attend the dimes The interest aroused was often mtense An 
mstance of this is shown when diirmg a two months’ survey m the South 
Arcot district the number of patients at the treatment centre went up to 847 
From the treatment point, of view large numbers are not to be encouraged and 
such crow'ds are not likely to last for long or to derive much permanent benefit 
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especially when they have to be dealt with by an inadequate staff But for 
the sake of survey and to a certain extent for propaganda the large numbers 
attending such a chnic are useful, as patients who have attended the clinic 
cm be followed up to their homes and are generally found helpful in bringmg 
other cases to the notice of the survey workers Suspicion and the desire to 
conceal are removed by the conviction that the doctors are out to help and not 
coerce them 

The party consisted of one chief doctor and four assistants The number 
of cases it was found possible to examine per week varied accordmg to the 
density of population, the size of the villages, mf-ans of commumcation and 
the amount of local support and help that weie available In the table 
the numbers evammed, the numbei of cases of leprosy found and the time 
required are given 


Findings of the survey 

(1) Incidence — The table gives the incidence in the different districts that 
w'ere examined Surveys were made m 10 provinces and 4 states Thirty dis. 
tricts and 66 talnJvS, thanas or municipal areas were visited Out of 4,560 village 
areas or mumcipal wards, 2,536 were found to contam leprous patients Of the 
2,435,610 people m the villages visited 16,499 or about 0 7 per cent were found to 
show cbmeal or bacteriological signs of leprosy It must, however, be realized that 
examination of villagers cannot be compared to examination of a labour force oi 
of people who are imder disoiplme and can be lined up and mspected carefully A 
second visit to a village almost invariably produced several more cases, as the effect 
of the first visit had been to dissipate suspicion, and those who had concealed their 
condition were now willing to reveal it The survey figures therefore, though high, 
cannot be taken as giving the entire incidence in the areas surveyed The only 
method of findmg out anything like the actual incidence in an area is through 
planting an efficiently run dime in that area, the doctor-m-charge following up the 
cases to the villages and examinmg contacts This would necessarily take years 
and was quite outside the scope of the present survey In 61 of the districts 
visited the figures of previous enumerations were available The total cases of 
leprosy according to these previous figures were 3,414 as compared with 14,898 
found by our survey party, more than four and a quarter times as many 
Again it must be remembered that of these 3,414 cases reported by unskilled 
enumeiators many were doubtless not cases of leprosy at all The result of 
the survey, therefore, justified the statement previously made by one of the 
writers that in India the probable incidence of leprosy which can be definitely 
diagnosed clmically or bacteriologically is not less than between five hundred 
thousand and a milhon 
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Sample SiDveijs of Lcpiosy in India 


poutxu) 

MOpop JO 


c: 
^ * 


c 


tz 

C. 


a Oj 


c 


E-S ? cr „ 
c c: s- u 
•51 3 C ti 3 


o 


r: c; 

C ^ S 

E *0 


c; 




0*2 . ' 
“3 S »- C, 5 ^ 

3 ci «'*3 E « 
-CO 

^ 


& 

H 

C 

d 

s 

c 


C 3 

^ c 

c: 


- 5 ^ 

S [S S 

= fe£« 


ci 

VH 


-2' _ «2 d 
U* ' 

c5k 


’c's j!Si 


»> ^ w* ^ 



■^\ 

'"I 

''I 


cc 

CO 

•Aj 

■O' 

w4> 

M- 

•Jl 

CO 

CO 

in Co^ju'; JO iijSiio'i 














in\S it) 






a 


r^» 


fH 



CO 

^Tiiiqo JO aot|it(ux 














Csoid i[ 


o 



Cl 

00 

Cj 

M* 

f 

O 

O 

O 

to 

JO SuSlS i?HUVQll8 UOIJ 

C" 

cr 


C-" 

C' 

CT 

cr 

n* 

CO 

C^ 

<M 

j:? 

M* 

to 

o 

o 

CO 


-vitidocl JO oifvjmojoj 

o 

o 

o 

o 



o 

O 

o 


o 

o 

o 



o 




CO 

I'- 

Ci 

I> 

g 

co 


o 

cr 

piinoj ‘'OsuQ 

Cl 

I-) 

22 

Cl 

p* 

Cl 

C“ 

1^ 

Cl 

l'- 

«-«4 

ir* 

o 

M* 

o 

CO 



rH 

-T 



'-" 











cr 



C5 


o 

o 

cc 

M* 

CO 

c> 

r~ 

jCaaoA AO\ins Xq 

O 

Cl 


o 

M* 

1*^ 

CO 

»o 

CO 

CO 

M* 

Ol 

r- 

r*' 

to 

tr 

cr 

q 

q 

poutmti\o suoMod jujoj^ 

of 

?5 

ci" 

I'*'*' 

o“ 

c 

t- 

CO 

o 

o 

CO 

CO 


o 

CO 

O 


















c 




Ci 



Ci 







•D 




03 



"d 




(lotjujaaiuno 


cr 

s 

c- 

Cl 



o 

C^l 

S 

o 

iM 

CO 

CM 

StlOIAOIcI HO SOSOO JUJOJ, 

Cl 

Ml 

r-i 

,iAd 

O 

OQ 

d 

irt 

li««^ 

us 

o 


»-4 

A.:» 

O 

UO 

Ol 








J?5 







jCsojfloj tjjiAV pajooyt! 

r>i 

22 

M* 

CC 

M* 

IT 

1- 

l^ 

cr* 


(M 


f-( 

»0 

c- 

r- 


soSTiinA JO joqninx 

o 

oo 



CO 


t— ' 







po Co uns 

41 

cc 

o 

t- 

t- 

<M 

05 

c*^ 

o 

00 

C“ 

lO 

CO 

CO 

CO 

03 

ir 

o 

o 

cr 

CO 

r- 

cc 

saSufjtA JO ioqTOUj^ 

to 

f— ( 




f— V 

c^ 







pa^lSLA. &VUV11J 

Cl 



f-S 

<M 

Cl 

JT 


N-< 

rH 

p“^ 

r-f 

CO 

JO JO joqTOnAT 













_. 

1 

V 

(V 


ir 

<A 












S 


eg 










'w 


E/7 

O 

05 

P 

Manbhum 

fS 

M 

■*^ 

c 

d 

CO 

Sambalpur 

Pun 

? 

c: 

eg 

Chin Hilh 

u 

& 

d 

P3 

3 

P 

Bilaspur 

-*-> 

o 

eg 

Akola 

03 

C 

eg 

pG 

w 

eg 

s 

4-» 

eg 

W 


%u 

O 

ci 

05 



si 






=e 


2 

O 





e 

j- d 

t> 

2 ^ 
eu 

lA 

' ^ 
fS 

Bengal 

Burma 

Central 

Vinces 

Berar 

Bombay 


Dhnnger 




421 


Sample Siovdjs of Lepiosy m India. 
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INDIA 



(5) The eastern division of the Central Provinces (Chattisgarh) 

(6) Berar and the cotton-growing central districts of Bombay along with the 
south-western districts of the Nizam’s Dommions 

(7) Arcot and Chmgleput in the Madras Presidency 

(8) Travancore and Cochm 
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SnwpJr Sinrri/<t of Lcpto^)/ m hicha 


Th(' parts inosl o\(*nipt<'(l arc as follnus — 

] Tho rTaiiU('‘' \all('\ in Banfral nnfl Hiliar 

2 Tlio ]')oal) hftuoon tiu Ganp's atul .Tamna m fho Unitor! Prorinrcs 

3 Tho jilains of the Piinjah 

‘1 Tlio (losi'if west ('in rollons of Itajpnlana. 

o The C’liota Vappiir platoau and tlio fVntr.ii Indian plateau oxtoncliiig into 
the liipli land of the northern duision of the Central ProMnccs 

6 Tho ])lains between the Goda\aii and tlio Kistna 

7 The plateau of Al^sore and the ele\ate(! sumuinding areas 

If one seeks foi sonic correlating factors in the moie exempted areas one ma} 
clnssif\ them as follows — 

{a) Feililc plains between "leat ii\eis ns between the Godavnii and tlic Kistna, 
01 the Ganges and the , Tamna, or m the deltas of iners like the Ganges 

{b) Plateaus like those of Chota Naupui, Central India and I\h«orc 

(e) Feitile aicas w'lth Miile laces whcie wheat is grown and milk is abundant 
as m the Punjab and Ccntial India 

{(1) Dcscit aieas where the population is sparse as m Pajputana and parts of 
the Punjab and Ccntial India 

On the othci hand leprosy is common undoi the following conditions — 

(а) In famine areas especially those w'lth a porous, quickly di} mg soil such 
as laterite and black cotton As the suiface watci is low' they depend for their 
ciops upon w.itci supplied by the monsoons, any faihuc or inegulaiity of w'hich 
IS apt to pioduce famine conditions This is paiticiilaily tine of the highl> endemic 
areas m Western Bengal, Eastern Biliai , Chattisgarh and Berar 

(б) In tracts which have a short time previously been icclaimed fiom the jungle, 
and in which accoidiiigly the inhabitants, originally aboiiginal, have begun only 
compaiatively recently to mix wuth the outside w'orld This is specially the case 
m Chattisgarh, the west of Bengal and the east of Bihar 

(c) In areas wheie there aie hackwateis connected with the sea oi rivei mouths 
with peiiodical flooding of a low-lying delta, as in Tiavancoie and as m the bor- 
dering districts of Oiissa and Madras In these areas filarial infection is vei> 
high and possibly the high incidence of leprosy may be paitly dependent on this 
factor 

{d) In mountainous tracts wlierc the people suffer from privation m the 
winter months, where the villages are often msanitary and are isolated from 
one another and from the outside world for a large part of the year Tlieir 
chief touch with the outer world is through wandering pilgrims (w'ho not 
infrequently suffer from leprosy) and through sotae of the villagers temporarih 
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\nsitmg the plains for trade or cultivation In such isolated villages, once 
lepros}’’ gams entrance, it is apt to spread among the inhabitants and is 
carried to othei villages through marriage or visits of relatives This accoimts 
to a gicat extent for the frequency of leprosy m the Himalayas from Nepal 
to Kashraere 

(c) In areas rapidly industriahzed and into which labour has been imported 
from higlily endemic areas without due safeguards This is true of Assam and of 
the industrial areas round large cities like Calcutta 

Incidence due to racial and social factors 

Speakmg generally leprosy as it is found in India belongs chiefly to a certam 
stage of cmlization It is micommon among abongmal tribes hvmg m inaccess- 
ible jungle or bill y districts and following out their tribal laws which, though primi- 
tive, are siuted to their conditions But when the abongmal begins to hire himself 
out as a labourer and thus to come into contact with more civflized conditions m the 
fertile plains, he forsakes his tnbal rules to a certam extent and exposes himself 
to dangers of infection against which his primitive sanitary laws do not stand 
proof It IS m this semi-aborigmal that leprosy is most common 

He IS also largely responsible for spreading the disease to the house of his 
employer and to the higher class employees in industrial concerns Examples of 
low castes responsible for this aie the Pullays and Pairiahas m Tiavancore, the 
4didravidas of Madras, the Bauries of Manbhum and Bankiira, and the Kahars 
m the United Provinces 

It has been noticed that there aie m many places three types of village — 

(a) that m which there is only one caste , 

(b) that m which there is more than one, but each caste hves in a separate 
quarter of the village , 

(c) that m which there are several castes, high and low, livmg together, not 
divided into different quarters 

In the first there is little or no leprosy , m the second leprosy is more prevalent , 
m the third leprosy is much more common 

The reason for this is probably that m the first type of village the caste rules 
are strictly observed , but the more mixing of different castes takes place the moie 
laxity of these rules there is and the greater is the chance of the spread of infection 

Movements of population in seabuh of labour 

In mdustrial centres where labour, skilled and unskilled, is congregated within 
a small area, sexual and other promiscuousness is common and ideal conditions 
are formed for the dissemmation of a disease like leprosy which is spread by 
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‘Peoole’nr; "" S^-^tes vrites as follows 

Thin stn flio". Africa and the (oal fields (Calcutta) for cniplojinent 

infected jjf i ^ ^ <d)Out iiO jier cent of the cases I found have been 

nci"hlinm P »ces Die^ infcitod their family members and their 

The 10 9r be 25 per cent 

intelst.nl "/ r no^e, gone out; but tbo^ have manj 

tint lonr^ «n<I h imcstignting into the souuc of infection ve can tiace 

tliat leprosy existed m this distnct long befoie’ 

with nm ‘5'^cicnt lo sliow tlic daiigci of the spread of leprosy connected 

Tim 1 ° a lour from other parts of India m large industrial concerns 

s danger may be to a certain extent averted by taking the following steps - 

nf all r obtained tliiougb lecimtmg centres, a careful examination 

lepiosy ' ^ ^ lould be cained out by doctors tiniucd in tbe diagnosis of 

clerili industrial conccius, not excluding tlie skilled labom: and 

clen a stati, should be subjected to periodical expert examination 

cases snfficient to examine workers alone, as other highly infectious 

same rnnm friends or ex-empIoyces) are frequently found living in the 

whole indml! ] ^ pioximity to the workeis It is necessary to bring the 

carefiillv 1 c siuvey and to take means to have all infectious cases 

careMly isolated, whether they are in actual employment at the time oi not 

ment of ^ ° 1+ causes of the spread of leprosy which are connected -with moi e- 
ment of population may be mentioned - 

is ^ infection 

market toL Vw villages An example of this was found m tbe 

was 1 iq oil ° I Santhal Parganas There the mcidence of leprosy 

with lenrLv surrounding viUages 106 were found to be infected 

en xe "It ^^ere to sell then lac So that from a single 

centre wrdespread mfectron may take place 
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(2) Pilgrimage is anotlici source of infection Many of the sacred shrines are 
infested with persons suffering from leprosy who come either to beg alms or m hope 
of cure At one temple m South India the god is anointed with sesame oil when 
he takes his bath m the tank The oil m the tank is believed by pilgrims to cure 
leprosy, so not unnaturally lepers swaim there, and other worshippers must frequently 
become infected as all and sundry mix together in the shelters surrounding such 
places Often the priest himself is found to be suffermg from leprosy 

(3) TFar — In the Cbm Hills the disease appears to hai e been introduced by 
captives brought into the coimtry after raids by the uild Chin people on the 
highly infected plauis of Burma 

But these are only examples of the many ways in which the movement of 
population spreads the disease 

Dietary errors 

Another important factor affecting the incidence of leprosy is the diet 
of the people Famine is due to geological and meteorological conditions As is 
mentioned above the porosity of laterite and black cotton soil frequently results 
m famine when the monsoons fail or are irregular In such tracts also vegetables 
are difficult to grow and grazing ground is poor The lack of milk and green 
vegetables results m a condition of the body favourable for the growth of M lepcu 
In other places such as the W estern Ghats high rainfall washes away the soil 
to the plams below, and the consequent poverty of the land leads to ill -nourishment 
of the mhabitants Deficient diet is frequently supplemented or made more tasty 
by the use of decomposing food such as stale rice, fish or meat , and there is reason 
to believe that such food also predisposes to leprosy 

Likewase the food of many town-dwellers is deficient in proteins and fats and 
vitamins, partly due to poverty and partly to ignorance and social and religious 
prejudices Highly milled cereals and adulteration of ghee and oil are replacing the 
more wholesome food of the more primitive village Among Hindus and Buddhists 
vegetarianism, especially where milk is not available, leads to deficiency m ammal 
protein and fat Correction of dietary deficiencies frequently brings about 
improvement m leprous lesions even without any special anti-Ieprosy treatment 

The scarcity of leprosy in the plams of the Punjab is probably due, at least to 
a certam extent, to the comparatively wholesome diet of the people there It does 
not appear that the people of the Punjab possess any racial immunity^ to leprosy, 
as it IS fairly common among the Sikhs and others who seek their living m indus- 
trial areas m other parts of India 

The eefects of other diseases in predisposing to leprosv 
The extent to which the presence of predisposmg and accompanying diseases 
influence the course of leprosy may often be demonstrated by treatmg these diseases 
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^Sample Siiivci/s of Ijcpiosy m India 


niul oh-^ou in” tlio trmdunl unpioxomoni of lojirous lesions \\1 ik1i follows Among 
<lu* most ini\)or(!in< of piedisposinj/ disenscs aic ninlnri.i, the (h scnfoncs, helmmtliic 
infections like ntikc los(omI^s|^ utid fihuia, s^phdis, t\phoicl and influenza But 
am infeetion wind) inteifeies with tlie ”enei/d liealtli e^en to an c\tent wind) 
would not in itself be tonsulered a disease lias an impoitant bearing on the course 
of lepiosv 

In tlie liiglih fdaiioiis di'-tiuls of Tra^nncorc, Orissa and Northern Madras 
lcpros^ IS liuilih endemic and theic is leason to belie\c that this is not a 
menc coincidence In tlie jilains of Bengal and in other parts of India perhaps 
tlio most important piedisposing disease is malaria Patients coming from 
malarious areas when admitted to the Gobia Hospital and treated for malaria, 
freqnenth improve rapidl} as icgauls tlieii leprous lesions without other treat- 
ment LepiosN when fust mtioduced into a highl} malarious area tends to 
spread rapidly 

Diacontiasis is anothci disease which has been found to predispose to leprosj^ 
In a village m the Satara District of Bombn-\ it was found that leprosy had at one- 
time been very common At that time gmnca-woiin was prevalent clue to the use 
of a step w’cll at the low'ci end of the village The introduction of a closed well at 
the top of the village with pipes laid on resulted m the disappeaianceof dracontia- 
sis, and leprosy rapidly diminislied also The disappearance of infectious cases 
was apparently not due to any special efforts at isolation as at the time of our visit 
we found two oases of leprosy , one, a highly infectious case, was sittmg rn the midst 
of the village nursing the child of a neighbour in his lap without any protest from 
the onlookers In the other the disease had binned itself out and he was no longer 
infectious , he had, however, unsightly deformities, and he was carefully isolated 
in a small hut outside the village It should be mentioned here that attempts at 
isolation of lepers are often made voluntarily by villagers m different parts ol 
India , but it is generally the burnt-out, deformed, liaimless case that is isolated , 
while the infectious cutaneous patient is allowed to mix freely and live mside the 
village 

O f 

Ainkylostomiasis is another common predisposing disease Exammation o 
the inmates of five leprosy institutions showed an average of 90 per cent infection 
with hookwoiTn In the largest of these, at Puruha, regularly carried out treat- 
ment for this disease improved the general condition of the patients, so that many 
of those who had formerly made little or no impiovement under special anti-leprosy 
treatment, now began to improve satisfactorily Also the death rate was lowered 
to a fraction of what it had been formerly 

Leprosy rs frequentl)’- found to follow kala-azar m Bengal (Muir, 1927 an 
1927(7) After the rnfluenza epidemic in 1918-1919 many patients were found who 
dated the begimung of their leprosy from an attack of influenza In the ban la 
Parganas tins was found to be markedly the case 
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Tlie findings of the survey thus tend to show that one of the most important 
factors 111 inducing high incidence of leprosy in certain areas is the low resistance 
of the populace due to othei endemic or epidemic diseases This is confirmed by 
reports from other parts of the world As an example may be mentioned ‘ The Story 
of Leprosy m Nauru’ (Bray, 1930) in which it is mentioned that leprosy was first 
introduced into this island in 1912 , m 1920 only four cases were known In 
October 1920, 30 per cent of the population died of influenza, and the general health 
of the remainder w^as much depressed by the influenza and dietary deficiency 
Under those circiunstances leprosy increased so rapidly that by 1924 no less than 
30 per cent of the wdiole population were infected 

Social and personal habits 

Although there is no reason to call leprosy a venereal disease, there is no doubt 
that sexual promiscuousness has much to do with its spread, especiaUj in industrial 
areas where public opinion has less hold on the habits of individisals As usual, 
over-indulgence m food and drmk are closely associated evils lATiile it has 
been stated above that leprosy is chiefly a disease of the lower classes, it is also 
surprisingly common among the wealthy and among those who hold high positions 
and are thus tempted to self-indulgence 

Eapid spread of leprosy has been noted m villages where due to economic 
conditions sudden wealth has come to the community It was noted for instance m . 
a village in the Manbhum district, where the sudden demand for lac which arose 
m the war brought sudden prosperity to those engaged m lac cultivation Not 
knowing what to do with then wealth they spent it in various forms of indulgence 
with the consequence that leprosy, alieady endemic in the village, spread with 
alarming rapidity 

Conclusions 

(1) Lepiosy has been shown by the survey to be a muen more prevalent disease 
m India than was foimerly supposed Probably a million cases would not be an 
over-estimate 

(2) The disease is most common among semi-aborigmals, or aborigmals who 
leave their tribal seclusion and hire themseh es out to agriculturists or to industrial 
concerns 

(3) The infection of other more advanced classes of the commumty is in the 
first place largely through the employment of servants in an mfeetious stage of leprosy 
Once the infection has entered a family, however, it tends to spread m that family 
and is often transmitted to fiiends and acquauitances 

(i) Infection ivith lepiosy is probably very widespread and only develops into 
a clmically or bacteriologically recognizable disease m a fraction of those mfected. 
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the nnturni rcsisfanoo of llio K’niamrlci being Mi/Iicicnt fo prevent t]ie disease 
(lc\ clopinp 

{■)) \Mion loplO‘'^ doe*? de\ clop it nulirates eitlicr lijper-infeetion, or probably 
more comwnnlx, louercd rr^i^itnnro Tins lovered resistance, v bile it may to a 
certain extent he inhonted, appears, according to flic findings of tins survey, to be 
due ebiefly to lanous factom •abicli affect the general health Among these may 
be mentioned prcdisjiosing and accompanyme diseases, improper diet, unhealthy 
habits, climate and surroundings 

(G) Tlic movements of populnfion iilncli improved education, transpoiti, etc, 
have accelerated and made more general in icccnt lears, is a potent factor in the 
spread of leprosy and in the infection of formerly exempt areas 
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‘ Pernicious anremia of pregnancy as the name sigmfies, is a severe form of 
anaemia which occurs m pregnant women, manifestmg itself more often in the later 
months of pregnancy, and characterized by destiuction of red blood corpuscles, a 
high colour index, and a megalocytic blood picture It may recur in successive 
pregnancies and is attended with grave risk to the life of the individual, particularly 
at the time of parturition While this disease seems to be somewhat rare in 
European countries, it is much moie frequent in India and other tropical 
countries 

The incidence of this disease in this country was referred to by one of us 
(Mudahar, 1915) in 1915 while working m the Rajah Sir Ramaswami Lying-in 
Hospital, Madras, in the following terms — 

‘ The ana?mia of pregnancy is a malignant type of an-Linia that scpdib to be much more frequent 
than 13 supposed, and the expenence in this hospital during the past two j ears Las been that it is not 
onlv a fairh common complication during pregnancy, but is one of the most fatal complications In 
1914, the diseise was responsible for 35 per cert of the mortality and m the jear under repoit, 7 out of 
17 deaths u ere dim to this condition, giving a percentage of 4 1 The disease seems much more’ frequent 
HI multipart than in pnaiipara., and has a very in'idious onset , patients hardly realize the grawty 
of this condition till the uliole body is swollen up and they get an attack of d3spnoea, uhen thet seek 
admission Breathlessness on shght exertion end extreme weakness, are prominent symptoms An 

b MR ( 435 ) Q 
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cvnniiiinlion of tho Wood bIiow'^ marled rediietion in the If T? C and a proat alteration in their 
eliaracler, \nrmfiona in “liape and Hire and the pre'sonec of inielcatcd P. B C licinp very common 
The colour index ifl hipli, and e\eeptinp for the fact that the poU nuclear Iciicoeytes are mnnylohed— 
fi or 7 lohea are rjuite eoiniuon — no charaetenstie changes are noted ’ 

In lecent tnnc'^ flic tli'^cnso lin*? licon stiifliccl and described by Balfour 
(1027) I^IncSninot (1927), Mitin (1^31), and Wills (1930), since tlien it Las 
attincted the attention of all obstetricians and general physicians who are 
mtoicsted in lessening Ibo maternal as well as the infantile mortality rates in this 
country 

The mculcnce of this disease in India is, as has been stated above, much greater 
than m other countiics About 5 to 8 cases m a tbousand pregnancies occur in India 
In Madras during tlic }oar 1931 32 cases occiiiTcd m the 3 389 confinements at the 
Goveniraent Hospital for Women and Cbildien , while m the United States of 
America (Oidway, 1931), the incidence vanes from 1 in 0,000 to 1 m 10,000 
confi;ncmcnts, and it is supposed to be rare in England (Osier, 1919) and Germany 
(Cornell, 1927) Tlie present paper is a prebminarv report on the investigations 
that are being carried on at the Government Hospital for Women and Cluldren, 
Madras, on all anmmia cases admitted into the ante natal wards After the 
examination of the blood, the cases arc sorted out according to the licematological 
findings 

Secondary anaemias aic verj' frequent m this country, and among the 
several causes may be stated malaiia, anbylostomiasis and syphilis During the 
year 1931, about 110 cases of anoenua were admitted and on examination, all but 
32 of these cases were found to be of the sccondaiy tj’pe Out of the 32 cases, 27 
bad a high colour index, while 5 sliow^ed a low colour index, tlioiigb they presented 
the appearances of a pernicious blood picture 

There is another type of ansemia wbicli we have met with, wherein the blood 
picture IS that of the secondary anaemia, with microcytes, the colour mdex 
IS low, aud no megalocytes are found The anremia is not haemolytic, hut is 
extraordmanly persistent, and although after pregnancy there is apyarentlv some 
improvement, a marked degree of anmmia continues The ordinary hsematinics 
do not seem to have much efiect and these cases do not respond to hver 
therapy, as do those of pernicious anaemia The cases are associated with 
hypocUorhydria or achlorhydria 

The ‘ permcious anaemia of pregnancy ’ (as we may term the cases of severe 
anaemia wnth a haemolytic picture and a high colour mdex) differs from the Addisonian 
type m some respects Achlorhydria is not a constant feature, and m several cases 
varying degrees of hypochlorhydiia have been found It is also mterestma to 
note that degenerative changes of the cord are extremely rare, and m the very 
large ma]ority of cases, even at the time of the crisis, few neurological signs have 
been observed 
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Protocol I 

Dislnbnhon according to lace and caste of the 32 cases 


1 

Hindus 

Adidravidas 

' 1 

1 Indian 
Chnstian'. i 

1 

Moliainmedans 

i 

Bhuddists 

Total 

Cases 

22 

1 

3 

O 

1 

4 

I 

32 

Per cent 

i 08 7u 

0 37 

6 25 

1 12 5 

3 17 

100 

Total number of 
admissions 

1 

1 1 703 

I 

OSS 

035 

83 

1 

3,389 


Amongst the Hindus, it occurs in all castes, both vegetarian and non- 
vegetarian — 

Non-vegetarian 14 43 76 per cent 

Vegetarian 18 50 26 „ „ 


Protocol II 

Distribution according to age 



15 to 20 years 

20 to 30 years 

30 to 35 years 

35 to 40 years 

Totai 

1 

Coses 

3 

2a 

4 

O 

32 

Per cent 

0 35 

71 9 

12 5 

0 25 

100 


Protocol HI 

Distribution aceoiding to jpaiily 



Prinu 

II 

III 

IV 

i 

B 

B 

VII 

tin 

Total 

Oases 

4 j 

1 

7 j 

1 

7 

0 

4 

2 

2 


32 

Per cent 

12 5 

87 6 
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Di'<lnhiili())i D) iJir (’?/;/ — C'.isos (onio fioiii nil o^or the Cit% nncl the siihurbs 
ind all pnits of the Prosidoiu \ and no special endenncit} ha^- been noted It 
docs not seem to oteiu in epidemics which is against the \ lew that it is one of the 
\aiie<ics of epidemic cllOJ)s^ 


PnorocoL IV 

Monthly (h<^lrib\ttwn of cases 


Jjiri 




j 

Jfnj 1 June 

1 

I11I3 ' Aiiir 

1 

»Sci)f j 

! 

Ocf 

Nor 

Dec 

Total 

4 

1 

2 

3 

j 

1 

4 7 

1 

1 j 

1 

1 

0 

1 

4 

1 

1 

32 


AYills (1930) in her paper ‘ Studies m Peniicions Anreniia ’ observes that 
‘ the disease appears to be seasonal in Bombay, most of the cases occurring between 
October and March The same incidence is repoitcd by MaeSwaney from Calcutta 
(personal communication) In Bombay, there aic se^clal factors such as seasonal 
variations in the birth rate, the annual exodus to the coimtry and possibly the 
climatic conditions, which must be considered in relation to the time distribution 
In our series, there were 21 cases m the first six months of the year, the maximum 
number bemg m June, the hottest part of the year As these anaimias are pro- 
gressive and they take some months to develop, and since the incidence depends 
upon and vanes with several factors, it is not possible at present to draw any 
conclusions on this basis, though one is tempted to say that the majority of the 
cases m Madras occur in the first half of the year, but further observations are 
required in this direction 

Clinical liistoiy — Little advance has been made in the clinical observation 
of these cases and there is not much to add to the clinical description of the senioi 
author 18 years ago (Mudaliar, 1915) 

Permcious anaemia of pregnancy occurs usually between the ages of 20 and 3 j 
I t is more common m multiparse It usually makes itself evident and becomes 
noticeable between the 5th and 7th months There is often a history of anaemia 
durmg or following one or more previous pregnancies The onset is insidious 
and the patient can rarely assign the exact date of the first beginnings The imtia 
symptoms are imusual weakness, debility, palpitation, and breathlessness on 
exertion Defimte anmmia and pallor is noticed only diumg the later months o 
pregnancy Vomitmg and diarrhoea are not complained of in every case 

Physical signs — The patient is noticeably weak, dyspnoeic and 
fairly lemon-yellow colour suggesting Addisonian anaemia It is neither 


presents a 
the muddy 
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complexion of auk} lostominsis nor tlie sallow complexion of malaria, but bas a 
distmct feature by itself, a modified lemon-yellow colour The face is puff}’^ and 
there is oedema of the feet and varjing amoimts of albumm m the urme The 
tongue IS sore in some cases and there is glossitis m some form or other The 
appetite is poor The heart is enlarged sbghtly and haimic murmurs are present 
The heart sounds are not rapid, except in the later stages and, if rapid, it is 
iMtliin the limits of the degree of anremia There is no tick-tack rhythm (which 
is so chaiacteristic of beri-beri) and no signs of myocarditis to explain the oedema 
of the feet The blood-piessure is normal or subnormal in some cases Rales 
may be heard m the lungs, and there may be effusion where there is a severe degree 
of amemia Ascites is also common m such cases and the patient complains of 
scanty micturition Hcemorrhages m the retina were seen m some cases of our 
series, and the disc is pale The liver and spleen are not noticeably enlarged The 
condition of the uterus is that found m a normal pregnancy There were no nervous 
manifestations of the disease in our cases Every case was exammed for signs of 
sub-acute combined degeneration and ben-ben 

The disease takes a progressive course until death supervenes, or spontaneous 
improvement occurs in the puerperium ‘ Labom generally sets in prematurely 
and is previpitate the patient gets into a much worse condition, immediately after 
parturition In fact, this period seems to be much more critical, as with the birth 
of the child, the breathing becomes more laboured, hyperpncea and dyspnoea set 
m, the patient gets into a comatose condition, and although the heart may contmue 
to beat the respuations become more shallow and occiu at longer inten als till the 
patient expires If the patient survives the shock of labour, the prognosis is 
sbghtly better, but the first days of the puerperium are still critical days and the 
slightest indiscretion on the part of the patient leads to a repetition of the above 
state of symptoms ’ (Mudaliar, 1915) During labour, there is often a blood crisis, 
characterized by an increase in the number of megaloblasts, normoblasts, myeloeytes, 
and reticulocytes in the blood and associated with cyanosis dyspnoea and rapidity 
of pulse late 

Morbidity and mortahty statistics are given in Protocol XI 
Hcematological Jindtngs (Piolocol X) 

(a) The blood picture is that of a megalocyhic anaemia with a high colour 
index m the majority of the cases The haemoglobin varied from 10 to 40 per cent 
in our cases The R B C is reduced markedly in number, sometimes as low as 
half milbon, and nearly all cases showed a coimt below 2 millions The colour 
index is high, but it is lower than one would expect m a typical case of pernicious 
ansemia The blood picture slioivs megaloblasts, normoblasts, macrocytes, 
poikilocytes, anisocytosis and less often polychromatophihc punctate basophilia 
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‘ In a sc\ore cave m a count of OOO loutoc\tcs, tlioic vcie 294 normoblasts and 
27 mopalolila^^fs ’ Nonnoblasts and nicgalobl.ists arc mot -witli frequently and 
particnlail} timing blood c uses at the time of labour The icticuloc}tes are foimdto 
be about lialf to one per ctnt on the a\eiage, and in some about 5 per cent even, 
\Mtbont treatment The reticulocvtK iosj)onse to h\ei treatment is similar to 
that m pt'i melons anaunia In one case ue obtained 25 per cent reticulocytic 
response on the thud da} b} the injection of Hepatix PAF (Evans) 

(b) Leucocytes are normal cxccjit that the nuclei of polymorphonuclear 
lcucoc^ tes are inanr -lobed — G or 7 m man} ser ere cases 

PirorocoL V 


HwmogJobin peicentagc, icd cell cotml, and colmn mder on the aicrage 


Series 

Number of 
cnsc'^ 

11 B C per 
c nun 

rcrcontnfrc 
of Hb 

Colour 

indcs 

Hospital for Women 

12 

1 

1 3 nulhon 

23 4 

101 

niid Children, 1931 



1 

1 


Group distribution of the total red cell counts were made — 
1 case showed count of 500,000 per c mm 

8 eases ,, , under 1,000,000 „ „ 

5 „ , „ of 1,000,000 „ 

14 ,, ,, „ between 1 and 2 millions 

4 ,, ,, ,, above 2,000,000 ,, 


Similarly, the hremoglobin values range between 10 and 45 per cent and the 
average reading is 25 4 per cent It is woidli while to note here the average figures 
of sprue-anaemia (Pauley, 1930) 

Average BBC count is 374,200 

Haemoglobm percentage 61 1 

Colour index 1 6 


The difference in the degree of anaemia of spiare and pernicious anaemia o 
pregnancy is so marked that it is impossible to draw a conclusion that pregnancy 
anaemia is only a severe degree of ‘ tiopical macrocytic anaemia ’, if sprue anamm 
IS to be one of the hke 

(c) Colour index — Dare’s haemoglobmometer has been used in all these cases 
in the estimation of haemoglobm The average colour mdex in normal cases was 
taken as 0 85 The mean colom index was found to be 1 01 shoving that averaoC 
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percentage reduction ot liremoglobin was less tlian tliat of coipuscular reduction 
The results of these are as follows — 

1 case showed a colour index of 0 6 


2 cases 
2 
2 


0 76 
08 
09 

1 0 
1 1 
1 2 
1 5 


14 
4 
6 

1 case 

Such a high colour index indicates that this ansemia is a megalocytic type of 
aniemia However, the Hb percentages are much lower than the average in 
cases of tnie permcious anaemia and sprue anaemia 

The avaage dmmele) of the corpuscles m ‘ pernicious aiuemia of pregnancy’ — 
For the estimation of the average diameter of the cells, Eve’s halometer (AUen 
and Hanbury’s, London) was used m which ‘ a tlim blood-smear acts as a very 
efficient difiraction gratmg and sphts up the rays from a small souice of hght into a 
brightly coloured halo Idee a circular rainbow The smaller the particles, the larger 
the halo and vice versa, so that the large red cells characteristic of permcious 
ansemia produce a halo which is smallei than normal ’ 

Twenty cases have been exammed thus, and the average diameter is found to 
be between 41 to 4 4 — 

1 case 4 4 = 7 81/i 

12 cases 4 3 = 8 Op 

6 „ 4 2 = 8 19/< 

1 case 41 = 8 39p 

With this instiument, a diameter of 7 6 micion in the dried unstamed film is 
considered to be the upper range of normahtv Twenty cases exammed were found 
to be megalocytic (7 8/i to 8 4p) 


Gastric analysis in piegiiancy anmmia 

Different observeis reported divergent results Hills (1930) reports from her 
experience of 50 cases that ‘ achlorhydria, far from being constantly present, as in 
the pernicious anaemia is very rarely present m the condition under consideration 
In one non-pregnant case and three pregnant cases, no free HCl was found, but as 
the mmeral chlorides were above 40 per cent m all cases, the achlorh)dria is of 
a di&erent order to that found m the pemiciou‘> anEemia where the chloride values 
do not exceed 30 to 35 per cent The range of acidity and chloride values is similar 
to that foimd m any series of Hospital patients ’ Paterson, Field and Morgan ClOSl) 
report three cases m which free HCI was present We have done only 10 fractional 
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Ininim /Irpml on • h-nimons Amninn of Pin/nami/ 


lo. - moni mml; .0, alul o„r ,x ||,al ll.ora .. l„j,oc-l,lo,),,,I™ fl„ ronjcnly 

of 11 ... caxov „,Kl a f,.a ,„s,.x a<l,l„,ln,h,a, „ 1 ,k 1 , „ „„t J.fioxcat ta 

n.o p„"K.,o.,a a"a.„"„ Tl„. „ baloa Tho,e ,sao deaj„a 

10 fact froiii flu- aiialvxis a- acll as from clinical toms that tl.cre is some 
ii.istric (1\ ‘^fiinctiOD 


J’uororoL 


Series 

j 

Tolnl 1 
tnsi;' i 

1 

Aclilnr 

In drift 

lUiiOchlor- 

j iu drift JsorrnnI 

1 ' 

H\ perchlor 
li} firm 

Ilosiulal for 

tVoinen 

in 

I 

1 

' S I 

1 


md Children, 

'^^ndras 



c regret v>c ])avc not done an}- g.istnc analysis after Jnstamine injection, 
ac orncria as rcNcalcd the fractional test-meal by itself is by no means 
■jnonjTnoiis achylia gastnea Ps3clncal or other iehe\ causes produce 

temporary inhibition of sccietion and may then cau=e absence of free HCI ll'e 

ope o some more gastric analvsis after histamine injections before any 
aennite conclusions are rlra'STO from the «ibo\c study 

In this connection w e \\ ould like to state that '\\ e ha^ c observed some cases of 
simple achlorhydric ana3mia ^^]uch respond to iron tlicrapy Tl.e cause of this 
anmmia is not known, but it is not infrequent in pregnancy and further observations 
on tnis subject will be communicated m a later article 


The bihrubw content of the saimt 

All the haemolytic anaemias give positive indirect van den Bergh reaction 
n pernicious anaemia, the reading of the units vary from 0 75 to 5 units, the majority 
^ ^ ^mits It IS curious in ‘ peimcious anaemia of pregnancy ’ the mchrect 
van den Beigh reaction is positive, but the number of umts is either one or less 
an one, generally between 0 5 and 1 5 units Tins is one of tlie distmgiuslnng 
ea ures of pernicious anmmia of pregnancy Irom true peimcious anieniia Bihiubn 
was looked for in 20 cases They all are of negative direct reaction The indirect 
reaction was positive in the majoiity of cases and the results have been tabulated — 


Protocol VII 


Senes 

1 

Direct 

Indirect 

2fegative 

Faint 

Less than 
one unit 

Jfore thnn 
one unit 

Hospital for yVomen and Child 
ren# Madras, 1931 (20 cases) 


2 

5 

17 
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In about 10 cases urine was tested for uxobilm and it was found negative 


Protocol VIII 

Studies in SOOTH, calcxim and jihoiphoivs iv permcioui anan.ta 

of piegnancy 


Control 
Afi'emia oases 


15 j 0 9 mg per 100 c c 

I 

C I 8 7 mg u\ orngo 


3 4 mg pel 100 c c 


3 I mg per 100 c i 


The results abor o recorded show tliat there is a certain amount of deficient 
of calcium and phosphorus and the figures are below normal The same low 
leadings are observed in the estimation of blood-sugar and blood-cholesterol 
It IS no wonder in an aniemic individual that the mineials as well as the body 
constituents are below normal 


Bacteriological studies 

The fseces and lumc were exammed bactenologirallv, m the majontj of the 
cases, for any pathogenic organism 4naerobic cultures were made for B iveldm 
and Streptococcus, and in all cases tl'c residt was negative In a few cases Entero- 
coccus was Lsolated in the motion, and B coh in the urine of a few other cases 
There does not seem to be any utiological relationship between B ivelcMi, Siiepto- 
coccus and anaemia of pregnanev' or true peinicious anremia as has been shown Lv 
Davndson (1928) in Ins w^ork on the intostmal flora of pernicious anaemia The 
results of our series are not far from otliei observ ers 

Dietetic studies 

The diets of the anaemia cases have been foimd to be m no way different from 
other normal cases admitted for confinement A careful scrutiny of then diets 
shows a deficiency of vitaimns A, C and D, because of the poor quabty and small in- 
take of fats and fresh gieen vegetables in their diets Amongst the 32 cases there were 
14 non-vegetaiians and 18 vegetarians In the former there were 4 Mohammedans 
and 2 Indian Cliristians and 1 Buddhist Eleven out of 14 non-vegetarians came 
from better classes Tliere is no lack of protem m their diet (MaeSwmey, 1927) 
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n.o .lofK-!o,„ ' ‘ '’■•«"”»» A and 6 
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m ‘ n Tbr . ' 0 "°""' ™ggest.va of an mfective 

r/uca Wo f Clnna L tho AVost Coast of 

deficiencv tl.nn T'” diolnbutlon may csplniii thevitamn- 

t oal o 1 • ■ *'■' "toC-o areas So to, 

me, donee ”» seasonal 

auv of oiir 00 Ti” and Slicplococcus Ijavc not been isolated in 

anlmil aL itr f T (1928) on the intestinal flora in pernicious 

disDroves' anv * 1’“'’''“ “x'tocytic aiiaimio nitli B ueklm infection, 

aisproves any infective theory 

to ho due / theory Poniicions aiimmia of pregnancy ’ is also supposed 

McienoTmbi!: °d *“ ^ “> ^ « 

such defipip A + ^ ’ expeiimentalljf, such anjemia is pioduced in rats on 

4. and O ’ 1 110 therapeutic response in these anaemias mth 

and ^ attention recently 

elr 1 r r i .""u It has not, Iiov- 

our exnnrT j ^-n ^ ' P'^inicioiis ansemia of pregnancy ’ in 

aneemm I^‘'^vjdson (193]) has repoited on its failure in pernicious 

+1 lecord here the expeiiments of Gnha and Mapson 

of ery^ocjdes certain dietary factois in the regeneration 

!i^i out that vitamin Bj deficiency does not produce any reduction 

in red blood corpuscles by feedmg rats on vitamm B, defieiel food 

(^^) They produced a reduction m red blood corpuscles count by about one-fifth of 
orma s an ai y feedmg rats with B2 deficient diet, but with adequate amount 
yi amin j s is overcome by adimmstermg autoclaved Marmite wlucli 
con ams on y yrtanun B^ But the same response is obtamed by feedmg these 
ammals with alkalmized, autoclaved liver extract m which practically there is no 
VI aimn 2 prmciple in liver seems to be difieient from the anti-pemicious 
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aticemia factor One doe« not laiow the nature of the antemia developed in 
Bo deficiency ^Miethei it is maciocj'tic or not is yet to be studied Apart from 
it, ntamui Bo is the pellagra-preventn e and if it is deficient in the diets of the 
anaimic cases, there must be some kind of skm lesion or depdation of hair, which 
IS absent m all the cases It is also noteworthy in this connection that pellagra 
has not so far been reported in India except in stray imported cases This 
rules out the theory that vitamm B 2 deficiency is the factor that is responsible 
for the development of the anaimia of pregnancy The blood picture m beri- 
beri IS not found to be macrocytic m character (Cannon, 1929) Vitamm Bj 
deficiency in infants has been studied by Biay (1928) He had not even 
casually noticed an^mra in their mothers The blood pictme of the infants 
nevei suggested a pernicious character IVe have not noticed symptoms of 
vitamin Bi deficiency, either acute or chronic, associated with the anaimia There 
has been no occurrence of epidemic dropsy m recent times m Madras Thus, the 
vitamin-deficiency theory stands unsupported both by experimental and therapeutic 
records 

Toxwmia theory — Pernicious ancemia of pregnancy is supposed to be defimtely a 
haemolytic ansemia, probably produced by a toxin from the placenta Schneider 
(quoted by Ordway and Gorham, 1931) thmks that this is similar to the toxm which 
causes nephritis and eclampsia "When produced early m pregnancy, this toxm is 
neutralized by the anti-hsemolysm so that little anremia results Lack of anti- 
haemolysm allows the hjemolytic toxm to cause undue destruction This, though 
plausible, does not seem to help us materially in correctly understanding the 
pathology of the anaemia, m all cases There is no high blood-pressure, and 
there is no retention of non-protem mtrogen 

Deficiency of anh-ancemic factor — Alder (quoted by Ordway and Gorham, 1931) 
considered this anaemia as a reaction of previously damaged bone-marrow to 
the unusual demands of pregnancy In the permcious ansemia of pregnancy, 
we see both — 

(1) Increased destruction, and (2) Deficient blood production 

(a) It has been proved that there is some degree of physiological ansemia m 
cveiy pregnant woman (Gullaways, 1929) There is mcreased blood destruction 
in a pregnant woman, so that the iron may be made available for the fretiis, 
to be usefid not only for the intra-uteriiie existence but also for the first six 
months of the extra-uterine existence The recent work of MacKay (1931) on 
the nutritional anaemias of mfants and the work of Kotekoff (1931) on the 
iron of blood m mfants, prove that the mfant largely depends on storage of 
non in the hver for the first six months of its hfe The iron m nulhgrams 
at birth is 61 8 and the lowest that is recorded is at the 9th month — 39 7 mg 
Thus, we see that the mother has a double function m the general metabohsm 
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.I's wi'li jis tlio miJK’Dil inot!il)oIiMn, ‘;uf)i as iron, calcium, pliospliorus, etc 
Noinialh t)ic inotlun ^cts all lliosc clcnionts fioin the diet and the metaholism 
of each N io;iulatc(l to ‘^uih an <'\lcn( that (here is gi eater absorption and ]e=s 
excretion IIoikuci, fhcie niiist be jiu leased supply of tlie elements in the 
diets Till' lion in the organic foirn that is obtained from the destruction of 
red blood corpuscles m the niothei is jiassed on tlnougli the placenta and it is 
inoie easih iitili/cd b\ the foetus tt/cro The increased blood destniction is 
compensated b\ meioasisl blood juodudion and it llormall^ passes off as a liypo- 
cliioniic ])li\ siologK al aiucniia of pieirnaiu) uitha lowci Jib pciccntagc and Ion erred 
blood coipusolcs count than normal .So long as the hamiapoictic system is able to 
balance the iiu leased dcstiuction and the extra demand of the foetus there will be no 
sign in the blood pictiiie of a in pathological manifestation The hone-marrow need 
not neccssaiih be damaged but its tlnesliold ina} be low, so that its powers 
of rcgcneiation aic limited, as the substances that stimulate regeneration are 
deficient 


(b) Gasliic doovgcmciit and megadocijlic anamm — Castle (1930) has shoim 
that normal gastiie juice eontams substances which elaborate from beef muscle 
another substance that piomotcs noimal blood regeneration, but that this power 
IS absent from the gastric secretion of patients siificimg fiom pernicious anieima 
The first substance elaboiatcd in the couise of the digestion is called the Intunsic 
Factor , the second, the Extiinsic Factor, and the third, the Anti-anaemic Factor 

Castle’s work proves that the absence of anti'anaemic factor underlies the 
megaloblastic hyperplasia of the bonc-m.mow m pcinicioas anaemia The anti- 
anaemic factor is stored in the liver, kidney, etc , and it is necessary for the 
maturation of the red blood corpuscles from the megaloblast to the megalocjfe or 
to the erythrocyte, even m the peimcions anaemia of pregnancy as in true pernicious 
anaemia Both from cbnical observation and fiactional test-meal, we find in 
pernicious anaemia of pregnancy that there is some cleiangement of the stomae 
function It should, hoAvever, be noted that achloihydria, hypochloihydiia oi 
achylia gastrica are only accompaniments of some more ultimate gastric e e 
which in itself is the cause of the disease both m true pernicious anaemia as we 
as pregnancy anaemia 

We think that there are three factors m tlie causation of the disease — 

(1) Constitutional factor, (2) A factor associated with pregnancy, and 
(3) Deficiency of anti-anaemic factor 


The possible hypotliesis m this anaeima is that there is normal or low secretion 
of the intrinsic factor which is enouglx in a normal mdividual and it is not enoxig 
111 a pregnant woman That the mother supplies the foetus all the nutrition m 
form of end pioducts and that there is no digestion m the infant aie well hnonn 
The anti-anaemic factor that is required for the maturation of the fmtal re o 
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corpuscles is supplied by the mother It is our experience to see infants bom of 
the=c anfcmic patients having nornial hemoglobin percentage values (Protocol XII) 
and normal red blood corpuscle counts and normal blood picture, though they 
may be premature The mother has a double demand Thus, the mother 
supplies the infant at her cost, all the mateiials includmg the anti-anaemic 
factor The maternal hemopoietic svstem sufters, resulting m the anemia with 
abnormal formation of red blood corpuscles which are more easily destroyed 
by the reticulo-endothelial s} stem In such constitutional!} predisposed individuals, 
the amount of anti-ansemic factor is deficient and hence this megaloblastic blood 
picture and megaloblastic changes in the bone-mariow This cxplams why the 
post-mortem appearances resemble those of true pernicious anaemia 

Rational thcrapcnlics in '■ pernicious anaemia of pregnancy ’ 

Pernicious anaemia of pregnancy is essentially a deficiency disease — a deficiency 
not of vitamins, but of the intrmsic factor necessary for the elaboration of the proper 
amoimt of the auti-anffimic factor m the gut by a process of digestion This 
deficiency has to be combated by administering this factor in the form of liver, which 
contains it abundantly, or the mtrinsic factor in the form of hog’s stomach extract 
(Ventriculm) as suggested by Sturggis (1929) Early treatment must be instituted 
as the disease often ends fatally as is seen by the morbidity figures, and it should 
be the aim of the obstetrician to raise the blood count to at least 3,000,000 and Hb 
percentage to 50 before term The laige amount of vitamin-content in liver created 
a great enthusiasm that vitamins are the primary factors m the regeneration of 
the red blood corpuscles in the anaimia of pregnane} The essential treatment 
may be summed up as follows — 

1 The institution of propei diet and lest 

2 The treatment of the megalocvtic anaemia with liver or Ventriculm 

3 The reinforcement of demonstrable deficiency by such means as HCl, 

iron, vitamins /A and C 

4 Transfusion of blood in urgent cases 

The treatment must be adopted to the indmdual requirements of the case 
and where concomitant diseases ‘^uch as malaria, ankylostomiasis and syphilis 
exist, specific therapy must be instituted 

Liver tieatment in ‘pernicious anaemia of pregnancy ’ 

The epoch-making discovery of Minot and Murphy (1927) of liver as a cure for 
pernicious ancemia has changed the treatment of pernicious ancemia of pregnancy 
also Liver is foimd efficacious m all megalocytic anremias as is shown by Vaughan 
(1930) and others Wills (1930) and Balfour (1927) have shown that the response to 
hyei therapy is just the same as m pernicious anaimia, though a little slowei The 



'MS Jiiioim licpnit on ‘ Pomcunt^ Anonnia oj Pregnancy^ 

io>^poiiso to li\or irpatmenf liii^ horn ob'^cnccl rarcfulU in several cases in this 
liosjiital In oiu oxpi'iiotut, as also of others (Keefer and Yang, 1931), the 
aclniinislration of li\ei and non has been of great ^ahIC in tins anremia (Charts 1, 
J and o) The defu iene\ of non has also to be taken into consideration Infection, 
inadequate dosige, administiation foi too short a period, and administration in the 
secondau anannia cases, aie the causes of the so-called failure of liver therapy 



No 18 — Case of pernicious amsmia of pregnancy, V-para Treated witli Marmitc forSdavs 
From the 9th to 26th day liver was given On the 15th day P A F (Evans) 
6 cc ^\a^ injected Eesponso to liver tnerapy Patient confined on 19 th aj 
(premature delivery, baby, weight 6 lb ) Discharged on the 2Gth day 


The reticulocytic response is similar to that observed m Addisonian anaemia, the 
reticulocytes reachmg a maximum between the 5th and 14th days and then falling 
dovra 

Ventneubn was tried m some cases and it has been foimd to be equally 
efficacious, showmg that the essential cause of the disease is the lack of^or t e 
dehciency of the mtrmsic factor. 
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In a veiy bad case, Hepatix P A F (Evans) vas administered intramnscnlarly 
and found to be very encouraging (Chart 1) It is worth while noting here that 
Hepatix P A F contams vei}'’ little vitamin-content and the response of this 
disease to this extract shows that the essential cause is the deficiency of the anti- 
anaimic factor and not the ntamms Though liver contains vitamins Bi and B 2 
in excess (Giiba, 1931, 1931« , Gilroy, 19311, they do not help in the regeneration 


HiEJlATOLOGICAL CHART 2 



No 19 — Case of pernicious anaemia of pregnancy, VII para, 9 montlis Was treated with 
Marmite for 15 days -with no appreciable improvement Later, started on hver 
and iron Treated for 21 days with hver and iron No improvement No 
letioulooytio response Failnre of both hver and Marmite 


of the blood in any way except byimproimg the general health and increasing the 
metabolism 

The dosage of hver must he adequate About | lb per diem must be given 
But in cases with severe albuminuria, liver is not given in such large doses as it 
necessarily mcreases the protem nitake In such cases the Hepatix P A F seems 
to be the only rational method of admimstermg the specific factor 








JoO Jntoiv) Hepo}! o)i ' Pmnaoifs i7ifr?)}?ff of P)c(/nancy 

1 i(fn)n)) in fmni of tioafinonf ^^as rou'^od by the 
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No 20 — Case of pornicious aiiBima of pregnanev, IV-para 7 months pregDancy Treate 
with Marniite from tlie Isfc day Patient got into labour on tho 2otb day 
Blood crises Numerous megalohlasts, nornioblasts, ret)cnloc 3 te 5 per cent 
Expired soon after 


20 cases in all by us Eleven cases were typical pernicious aiiEemia of pregnane) 
(Protocol IX) and the lest were secondarj’’ anseniia cases The results were foun 
to be disappointing (Charts 1, 3 and 4) The case repoits are gnen below 
reticulooytic response was not found in any of our cases regret we have no 

been able to confirm the lesults of IViIls m the tieatnrent of peinicious ana'inia 
of pregnancy with Marmite 
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lieinfoicemeni of deiiionshabh defmcncy by such means as HCJ, v>on, mtannns 
J atirl C — If there is achlorliydria, or hypochloihydria, it is undoubtedly a 
reasonable procedure to administer HCl as pointed out by Hurst — half to one 
dradun of acid hydrochloride dil given in dilute orange juice or ivatcr at 
the end of a meal 

Iron is found to be a useful adjuvant to liver and m cases with such low Hb 
values, it IS ilu ays better to continue iron with livei therapy (Charts 4 and 5) 


HiCMATOLOGICAL ChART 4 



No A (Extra series), 1932 — Case of pernicions anjornia of pregnanc\, IV para Tieated 
with Marmite for i6 days with no apparent improvement Started on hver 
and iron on 16th day Improvement with retioiilocytio response Patient 
confined on 25th dap (Baby, weight 6 lb ) 


These charts show the response of the patients sufEermg from pernicious 
aniemia to Marmite, to liver therapy and to hver therapy with other adjuvants 
Chart 2 shows the failure of liver therapy as well as Marmite 

e are contmiung oiu work m this direction for which the Indian Eesearch 
Fund Association has londly given one of us (A L M ) a giant from 1st April, 

J, MR Y ’ 
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Infotin RcpnU on * Pnnicious Anccnna of Pregnancy' 


1032, nml wc hope to di‘^cn‘<s this importniit ami interesting subject more in 
detail in our no\l contnbution 
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No 25 — CaseJJofj pernicious aminiia of piegnancv, II para, 8 months Severe albuminnna 
Liver therapy sta’^ted (on tlie 12th day after admission v hen albumin in t e 
unne was traced) On the 14th day of hver therapy the patient was put 
on iron in addition Response much greatei Patient confined on the 26th dar 
of treatment Discharged cured subsequently 


Summary 

Pemicions anaemia of pregnancy is much more common m tropical countries , 
it IS a severe form of ancemia characterized by destruction of the red blood coipusc > 
a high colour index and a megalocytic blood picture The incidence of this 
IS discussed under various heads, age, race, parity, and seasonal distribution, v> 
particular reference to Southern India The olimcal picture of the disease has ee^ 
described The hsematological, biochemical, bacteriological and gastric ana ys 
have been given for the cases that weie studied m this hospital __t}ie 

It IS suggested that three factors enter into the causation of the disease ^ 
constitutional factor, the factor associated with pregnancy and the e cie 
of the anti-anaemic factor 
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‘ Pcrmciovis aneemia of piegnancy ’ is a definite entity by itself It differs from 
the Addisonian tj^e m the absence of neurological symptoms m the large majority 
of cases, the presence of some degree of hypochlorlrv dria and the marked crises 
that occius particularly at the time of labour 

From the treatment point of view, it has been found that this antemia responds 
well to the various preparations of liver > that Marmite, a preparation of vitamm B, 
has not been found to be of much use m the treatment of this condition , that a 
combination of liver with such haematmics as are usually given for secondary 
ansenua, is probably better m the large majority of cases, that there are certain 
cases of pernicious anseifila of pregnancy which respond to a degree to liver therapy, 
but do not show marked improvement after a particular stage , that there is a 
type of secondary anamia with no definite cause and with achlorhydria which 
responds less to hver therapy and which requires further mvestigation 

The morbidity and mortahty m the senes of cases mvestigated are given in 
Protocol XI 


Protocol IX 

Mm mite treatment in pernicious ancemia of pregnancy 


Case number 

Initial keadinq 

t 

[ Bnd KESULT 

Duration of Marrmtet 
medication m davs 

, R B C m 
miUions 

Hb 

1 per cent 

R B C in 

1 millions 

Hb 

per cent j 

3 

09 

21 

10 

23 

8 

10 

1 1 

24 

15 

28 

15 

11 

1 36 

28 

1 24 

30 

23 

12 

1 18 

20 

1 

10 

20 

18 

13 

16 


1 14 

30 

16 

17 

22 

44 

24 

46 

18 

18 

09 

20 

09 

21 

8 

19 

0 8 

20 

1 

1 

08 

20 

15 

(No improvement ivitb 
bver also later ) 

20 

10 

20 1 

1 0 

23 

24 

13* A 

1 5 


1 0 

22 

15 


1 0 

45 

18 

i 

1 

45 6 

21 


i6 A and B are not cases of tins senes but of 1932 t Dose 1 draohm tbree times a day 
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Blood counts, blood picture, treatment and results of 
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Protocol XI 


The moibidtty and moHahty 


Senes 


Full 

term 

Peematukb 

Total 

1 6th 
month 

Cth 1 
mouth 

7th * 
month 

8th 

month 

1 

9th 

month 

Hospita' for Women 
and Children, 

Madras, 1931 (32 
rases) 

Cases 

! 

9 

2 

1 

2 

! 

4 

10 

6 

23 

Per cent 

28 2 

71 8 



Infants born and discharged alive 

13 

40 6 

per cent 

Still horn 

1C 

60 9 


Died soon after delivery 

3 

94 


Maternal moitahty (Puerperal sepsis 1, ) 

. 7 

22 0 


Heart failure 3, Shook after section 1) J 



Condition very bad before discharge 

4 

12 5 


Mothers discharged alive vith condition 

21 

65 6 


improving 




Puerperal sepsis complicating 

4 

12 6 

» 


Protocol XII 

Eaimoglobin 'peocentage, led cell count, and colow tiidex on the average, of 

neavly-born infants 


Senes 

Number of 
cases 

Hb 1 

per cent 

R B C 
m millions 

Colour index 

Controls 

15 

110 

63 

1 03 

\n emio t ases 

10 

105 

5 1 

1 028 


We wisli to express our thanks to the Superintendent, Government Hospital 
for Women and Children, and to Dr E A Menon, f e c s (E ) for the facilities 
afforded , to the Director, Kmg Institute and the Professor of Biochemistry, 
Medical College, for kmdly helping m the bacteriological and biochemical studies 
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AN INVESTIGATION INTO THE CAUSATION OF ASCITES 

lAI V RADHAICEISHNA RAO, m b , b s , 

Reseaich Fellow, Andha IJmv&rsity 
(From the Be^partment of Faihologtj, Medical College, Vizagapaiam ) 

[Received for pubhcution, May 2 >, 1932 ] 

AVhile proceeding with an in\ estigation into ‘ Decompensated Portal Cirrhosis 
of the Liver ’ the problem which confronted me was the differential diagnosis of 
ascites In the majority of cases of ascites it was possible to diagnose the cause 
from the routine physical and chnical exammation alone , but there is a small 
group of cases m which the chnical examination does not disclose any of the definitely 
known causes of ascites and the causation remains obscure even after thorough 
investigation The opportunities afforded to me in the wards of the King 
George Hospital, A^izagapatam, where many cases of ascites are treated every 
year, made the investigation into the causation of ascites m this part of the 
country possible 

Prom time to time reports have been pubhshed in the medical literature 
in India on ascites of obscure origm Megaw (1921, 1924) was the first to 
pomt out ‘ chrome dysenteric peritonitis ’ as a probable cause of a common form 
of ascites in the tropics There has been considerable difference of opimon about the 
role of dysentery in the production of ascites According to Megaw, ascites 
following an attack of bacillary dysentery is due to chronic peritonitis, set up by 
the passage of irritant toxins of the dysentery bacilli from the lumen of the bowel 
to the peiitoneum That ascites m these cases was due to previous dysenteric 
infection was concluded from the history of dysentery prior to the onset of ascites 
and from the positive AA'idal’s agglutination tests agamst the bacdh of Shiga and 
Flexner Bose and Banerji (1929), mvestigatmg some of the obscure cases of 
ascites in Patna, came to the conclusion that the causation was probably ‘ due to 
disturbance of the absorptive power of the upper part of the peritoneum caused by 
previous dysenteric infection ’ Nigam (1927) described several cases of ascites m 

( 469 ) 
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Lucktlo^^ icsiiUuig from a fibiosis of (Jio pcnloneum clue to an unknown toxin 
and called it ‘ endemic a‘~c itc^- ’ T}iouf.di lie is of opinion tliat a toxin is responsible 
foi the fihrosiv of tlie ptiitonenm, lie disagiees uitli ]\Iegau’s theory that the 
d\‘'enlcric toxins ai<‘ the (nii^atue faetois Jtogcrs ( 1913 ) was the first to draw 
attcnfion to the fad (hat in the cases m whicii ascites followed dysentery, the 
caiisatne lesion was ciirhosis of tlie Inci Ciinmngliam ( 1923 ), discussing the 
complications of hacillai} d^sentel^, considered that m cases of ascites with a 
histoi}' of picMous chsenteu the licet was the primary cause of the aflection as it 
showed ndcaiiced fihiotic ch.inc'es In a pnpci iccentlv submitted to the last 
conference of the All-India i\fcdical Association at Calcutta, on ‘ the role of dysentery 
in the causation of aseitcs, fiom a stud} of jiDst-moitem iccoids and observations , 
Tiiumuiti and Eadhalaislinn lino ( 1932 ) conclude as folloccs — 

(?) ‘ Post-moitem statistics collected at the Medical College Hospital (King 
George Hospital), Vixagajiatam, sliow that most of the cases of ascites are due to 
decompensation of the heart or cuihosis of the liver 

(??) Though bacillarv djseiitcrj is common in these parts, no case of ascites 
due to chrome dysenteric peiitomtis (l\Icgaw) was seen post-mortem 

{ill) In cases m w'hich thickening of the pciitoneiim was associated with ascites, 
the causation of ascites w’as due to factois othci than chronic dysenteric peritonitiE 
{iv) Tiuckemng of the peritoneum, if present, need not always be the cause of 
ascites but may be its result 

(•y) We are of opmion that, m cases m wducli ascites may develop as a sequel 
to chrome dysentery, the causatii'e factor is ciirhosis of the liver and not fibrosis 
of the peritoneum ’ 

In this paper, I w^ish to present mv observations on the causation of ascites m 
this district, and to discuss the role of dysentery m its causation and the value of 
AVidal’s agglutmation tests agamst the bacilli of Sbiga and Flexner, on the data 
collected by chmeal investigation of cases uiidei my observation 

Investigation 

A detailed mvestigation has been carried out on cases of ascites admitted into 
the I\Iedical Waids of the Kang George Hospital, wnth a new to determine the cause 
of ascites In most of the patients, it w'as not possible to follow up their progress 
after discharge from the hospital On many of those who died m the hospital an 
autopsy was made 

From July 1931 to the end of Febiuary 1932, 69 patients suffeiing from ascite^ 
were exammed and the results obtamed on the mvestigation carried out are tabula e 

in Table I , 

In 47 cases, the cause of ascites was deteirmued from the physical anc 
clinical examination alone, the results of further mvestigation only confiroamg t le 
diagnosis 
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Table I 


Showing the cause of ascites in 09 cases investigated 


Serial nuuiter 

Cause of ascites 

Cases in ahich the 
diagnosis wis defi 
nite (47 cases) 

Cases m which the 
diagnosis was arnved 
after complete inves 
tigation (22 cases) 

o 

H 

Percentage 

1 j 

Decompensation of tlie heart 

1 

15 

i 

: 1 

16 

23 3 

2 i 

Kidney inefficiency 

10 

1 

10 

1 14 6 

3 

Ascitea a‘-sociated iiith malignant tumours of the 

2 


2 

29 


abdomen 





4 

1 Tubercular pentomtis 

4 


^ 4 

68 

<5 

Cwrhosis of the liver — 






1 (a) Portal cirrhosis 

n 

1 

i 23 

30 4 


1 

j Syplulitic cirrhosis 

3 

7 

: B 

116 


1 (r) Infantile biharv cirrhosis 

1 


1 

1 4 


(d) Associated mth Banti’s disease 

2 


2 

29 

0 

Ascites associated with suh acute yellon atrophy of 

1 


1 

14 


the liver 


1 



7 

1 Extreme annemia | 


1 

3 

3 

44 

8 

1 Chrome pentomtis 


1 

i 

1 

1 

1 

1 4 


In 16 cases in tbe above senes, the ascites was due to failure of compensation 
of tlie heart as evidenced by maiked dyspnoea, oedema of the legs, pulsatmg veins at 
the root of the neck, cyanosis and enlargement of the liver In 8 cases, paracentesis 
abdomims was done to relieve the dyspnoea and the fluid did not accumulate again 
after rest and treatment Only in one case had paracentesis to be repeated None 
of these patients showed any signs of fluid m the abdomen at the time of discharge 
from the hospital In most of them the diagnosis was further confirmed by the 
electro-cardiograph, and by the roentgenogram of the chest There was one death 
in this series, but a post-mortem exanunation m that case was not pernutted 

In 10 cases, the ascites was only a locahzed manifestation of the general anasarca 
due to ladney meificiencj" The urme, which was very scanty, contamed much 
protein and many casts Biochemical examination shotved retention of nitro<^enous 
bodies in the blood The efficiency of the ladney as estunated by Maclean’s 
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(1027) iU(M Content ia( 1011 lest was definitely doinn^cd Paracentesis abdominib 
was pcrfoiinecl ni •! lascs as the ascites was causing' pressure s-\niptoins, and only 
in one c^iso liad it to be lepeatcd Tliese patients inipro%ed under treatment and 
there was no ascites at the time of their discliaipc from tlic hospital The post- 
mortem rnidings 111 one jiatieiit in this seiics, who died in the wards showed 
that sccondaiy contracted kidneys was the cause of kidney inefficiency and 
ascites 

In 2 eases, the ascites w’as associated with malignant tnmoiiis of the abdomen, 
m one, It was a malignant giowth of the head of the pancreas with complete 
obsti active jaundice m an old man, and in the othei, it was a malignant growth of 
the right ovary^ m a middle-aged woman 

All the 4 cases of ascites due to tubercular peritonitis showed definite signs of 
tuberculosis of the lungs, which was confinned by the skiagram of the chest Yon 
Pirquet’s test w’as positive in all the cases In 2 patients who died m the hospital, 
the ascites was due to acute miliary tuberculosis of the peritoneum, confinned by 
post-mortem examination The othei two patients improicd gradually by general 
hy’’gienic treatment and exposure of the abdomen to nltra-\uolet rays 

In 15 patients the ascites w%ns due to cirrhosis of the liver In one patient, a 
child aged 2 vears, the ascites was due to syjihilitic cirrhosis of the livei , the abdo- 
minal veins were prominent there was a strong positive Wassermann reaction of 
the blood and ascitic fluid , the livci w'as firm and enlarged to 3 inches below the 
costal margin Infantile biliary cirrhosis of liver was the cause of ascites m a child 
aged one and a half years, and this diagnosis was verified post-mortem In 2 cases, 
diagnosed as portal cirrhosis, it was found on post-mortem examination that the 
cirrhosis of the liver w^as a part of the syndrome described by Baiiti Histologically, 
the liver showed multilobular cirrhosis and the appearances of the spleen were 
tyqncal of Banti’s disease Eleven cases showed all the signs of portal obstruction 
with very prominent veins in the abdominal w^all, ascites and enlargement of the 
spleen There was deranged function of the liver in all these patients in whom 
urobilin or urobilinogen was present in the urine The general condition was very 
poor with the ‘ hepatic facies emaciated extremities and protuberant abdomen 
Paracentesis of the abdomen was done in these cases to relieve the pressure symp- 
toms, and the patients were discharged after a varying period of stay in the hospital 
with no improvement in their condition The diagnosis was verified post-mortem 
m 2 cases who died m the hospital, and the appearances of the liver, macroscopic 
and microscopic, were those of Laennec’s cirrhosis 

In one case, it was found on post-mortem examination that the ascites was 
associated with sub-acute yeUow atrophy of the hver There was diffuse destruction 
of the parenchyma of the hver, and no other definite pathological lesion was 
found to accoimt for the ascites This case will be agam referred to under 
discussion 
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In all the above cases the pO'Sibility of ‘ chrome dysenteric peritonitis ’ being 
the cause of ascites uas kept in mind The results of the agglutination tests with 
the dysentery organisms in most of these cases are given m Tables VIII to XII, for 
control purposes 

In the above senes of 47 cases, 9 were examined post-mortem 

The results of investigation m the 22 cases, m which the cause of ascites was 
not definite at the outset, are given m the following tables foi discussion An 
explanation of the tests employed m this investigation is given below 


Liver ejjiciency tests 

In spite of the recent advances m biochemical methods, it has not been 
possible to estimate correctly the functional capacity of such an important vital 
organ as the liver It must be noted that the liver has a great reserve power and 
its ability to regenerate is remarkable, especially in chronic liver cell damage, as 
proved by the experiments of Mann and Bollman (1926) These factors must be 
taken into consideration while mterpreting the results of the functional tests While 
a positive test (marked as or -f -f in Table II) is definitely m favour of hepatic 
dysfunction, a negative test (marked as +++ m Table II) does not exclude 
hepatic disease, but only indicates that there is enough functionally active liver 
tissue to carry on its functions 

(a) The lavulose tolerance test of Strauss (1901) and Shirokauer (1913), slightly 
modified, was applied to determme the function of the liver The test is preceded 
by a 12-hour fast and the patient takes no breakfast , a sample of blood is 
drawn from the vein and laevulose dissolved m water is given by mouth, according 
to the weight of the patient, as recommended by Spence and Brett (1921) Four 
specimens of blood are then collected at half-hourly intervals and the blood-sugar 
IS estimated by the method of Foliu and Wu (1920) It has been shown bv King 
(1927), Elmer and Scheps (1930), that in normal persons, the highest rise of 
blood-sugar above the fasting level was never more than 20 mg per 100 c c 
Tallerman (1923) found that a blood-sugar exceeding 0 135 per cent, or showing 
a rise of 30 mg above the initial fastmg level, mdicated a defimte derangement 
of the hepatic function These standards are adopted m classifying the 
function of the liver A rise of blood-sugar above 30 mg is taken as definite 
impairment and a rise above 20 mg , but below 30 mg , as shght unpaurment 
of the liver function The liver function is considered good, if the rise of blood- 
sugar IS below 20 mg 

The results of the laevulose toleiance tost are given in Table II The liver 
function was good m 5 cases, slightly unpaired m 4, and definitely unpaired in 
8 cases 
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(6) The hccmochsjc cnsis, described by Widal, Abrami and lancovesco (1920), 
IS believed to be of the nature of an anaphylactic blood reaction due to tbe passage 
of partially digested proteins from the gastro-intestinal tract into the systemic 
circulation, when the liver is diseased In such cases, the normal post-prandial 
leucocytosis is replaced by a leucopenia oi by the absence of any rise in the count, 
accompanied by a fall in blood pressure This test has been verified by Wilson 
(1922), Bose and Banerji (1929), who found it to be a reliable test for the functional 
integritv of the liver A white cell count is taken on an empty stomach before 
oreakfast , 7 ounces of milk are given to drink and the counts are taken at the end 
of 20 and 40 minutes If the rise in the white eell count at the end of twenty or 
forty minutes is more than 3,000, the function of the liver is considered to be good , 
if the use is above 2,000 and below 3,000, the livei function is shghtly impaired , 
and if the rise is belo'sv 2,000 or there is actual leucopenia, the liver function is 
definitel)'^ impaired 

Table II shows that the liver function, as estimated by this reaction, was good 
in 6 cases shghtly impaired in 4 and definitelv impaired m 12 cases 

(c) The mgmenlai y function of the liver was estimated by the chemical method 
desciibed by van den Bergh (1918) The improved technique as described by 
McNee and Keefer (1925) was adopted in this investigation The qualitative 
reaction was done in all the cases and the quantitative only in those cases with 
marked jaundice 

By itself, this test may not be of much value, but when considered 
along with the other tests it is useful m determinmg the functional capacity of 
the liver 

In 4 cases, both the direct and the indirect reactions were negative in 2, 
only the indirect was positive , 1 case showed direct immediate and 1 biphasic, 
while all the others showed delayed positive reaction 

(d) In all the cases, the urine was examined for urobilmogen by Ehrlich’s 
(1886) aldehyde reaction and for urobilin, by Schlesinger’s (1903) test 

Kidney efficiency tests 

(a) Samples of blood for biochemical analysis were collected in the mormng 
on a fasting stomach, coagulation being prevented by the use of a small quantity 
of finely powdered lithium oxalate Blood urea was estimated by MacLean 
and Be Wesselow’s (1927a) modification of Marshall (1913), van Slyke and Cullen’s 
(1914) method Non-protein nitrogen and creatinin were estimated by the method 
of Eohn (1923, 1923a) The method of Myers and Wardell (1918) was employed in 
the determination of the plasma cholesterol 

The results of the blood analysis are given in Table III The normal standards 
given by Harrison (1930) are taken for comparing with these readings 



Tabli, III 

Kidney ejfficiency tests 
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{h) Tlic urea concentration tost was done according to the technique given by 
MacLean (1927) , in cliildren, tlie dose of urea given by mouth was regulated 
according to the age, as recommended by Harrison (1930cf) The urea was estimated 
b}’’ the hypobromite method ‘ If either specimen gives a percentage of urea above 
2, the kidneys aie held to be fairl)’' efficient, the higher the concentration, the 
more effectne is the renal function’ (MacLean, 1927) 

(c) The chlorides m urine uere estimated by the Wliitehorn’s (1921) method 
All the patients were on the hospital ‘ Ordinarv-Indian ’ diet, and a twenty-four 
hour sample of urine was taken for the estimation 

[d) Routine physical, chemical and microscopic examination of the urine was 
done m all the cases 

Table III show's that the kidney efficiency was good in 13 cases, fair in 
7 and bad m 2 cases 


Examination of the heait 

There was no organic disease of the heart in any of these 22 cases In 3 patients. 
Nos 40, 53 and 83, there were luemic murmurs, and extreme anromia In one 
patient, No 80, with a soft systolic murmur m all the areas, the myocardium was 
badly damaged and the radiograph showed a dilated heart In all the other patients 
the condition of the heart was good, except for the cardiac embarra ssment caused 
by the pressure of the fluid in the abdomen 

Examination of the blood 

Table IV shows that 14 patients in this senes had leucopema, while 2 show'ed 
leucocytosis , marked anremia was present m 12 , 1 patient, No 47, whose blood 
showed marked eosmophilia had a heayy ankylostome infection 

The blood coagulation time was determmcd by Ricker’s coagulometer 
(Brodie-Riissel-Boggs pattern) The normal coagulation time of the blood, as 
determmed by this mstniment, is about 5 minutes Uniformly accurate results 
were given by this instrument m all the normal controls The coagulation time 
was normal m 11 and delayed in 11 patients 

IVassermann reaction of the blood was strongly positive in 10 patients, 
moderately positive in 4 and weakh positive in 3 , in 5 patients the reaction was 
negative 

The fragility of the red blood cells w'as determmed by the method described bi 
Pantou and Mariack (1927) The fragility was normal in 7, and diminished in 15 
cases The increased resistance to h 8 emol 3 'sis is seen in cases of obstructive jaundice 
and splenic anamiia (Beaumont and Dodds, 1931) Cases of extieme amemia, 
with a direct delayed van den Beigh’s reaction, may also show diminished fraeditj' 
of the red blood cells Hughes and Shiivastava (1927) liave show n that in advanced 
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/// I }iv("^tuiatH))i into the Causation of Ascites 
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'hf 1 )iV("^ti(ja(ion ntio flic Causation of Ascites 


Short nntv's of tin <n<>(s 

If is iinl possible III Jills sliorl p.ipoi Jo f^ivc a dctailrd ,'i((oiinl oi cacli ense 
slioit noJes of (Mi< !i of the < ases aie unni in 'I'alile A I 

lOiiIamemeiit of tlielnei w is piescnt onl\ in 2 f<is»s(Nos 1 and 20j Incases 
Nos 20 II I2andr)7 flie left lolie of f )i<‘ In in was land and ^i.iiiular lien palpated 
afJei paiaeenfesis of the alidoinen Knlaipoment of the spleen as present in 12 
cases 

7’licic wcie two deaths in this senes , in one (No 12) jiost-mortejn cxamimtion 
was not allowed hut in the other (No 12) aulopsj showed a multilohular cirrliosis 
of the Inej , in this hit ter ease theie weie dense adhesions between the diaphragm 
and the spleen, the rapside of whuh was much thicKencd Ilistologualh 
apjicarances of the livci w cie those of mult ilohnlar cii rhosis and those of the spleen, 
chronic pas^ne venous (onpestion 

The patient in case No 1 showed maiked ]mpro\cment during his stat four 
and a half months in the hospital A com sc of antl-s^ pliilitic treatment wasgnen, 
as the blood and ascitic fluid W asseimann reactions were positnc On the two 
occasions on which he icpoited himself aftei discharge from the hospital there 
WMS no fluid in the abdomen and the enlargements of the spleen and liver were 
considerably diminished 

Omentopexy w’as done in case No 8, Initit proved to be a failurp, as the abdomen 
filled up rapidly necessitating repeated paracentesis A coarsely nodular cirrhosis 
of the liver wms found at operation 


WtdaVs agglziHnahon tests with the dysentery oiganisms 

IVidal’s test against the bacilli of Shiga and Nlexner was carried out m the 
present series of cases, as well as m a number of controls 

The standard agglutination method of Dreycr (described by Stitt, 
was employed in carrying out the tests Most of the workers on bacillary dysentery, 
e g , Manson-Bahr (1922), Rogers (1930), Perri’’ (1925), Acton and Knowles 
and Megaw (1924), agree that the macroscopic method is by far the best In 
case of the Flexner group, a mixture of the various strains of the organisms Wc 
used for the agglutination test The test is considered positive by Manson- ^ 
(1922) and Rogers (1929), when the agglutination occurs in a dilution of 1 m 
the case of B dysentence (Shiga) and ] in 50, in B dysentenev (Flexner) 
standards weie adopted in classiRing the results of the agglutination tests 
the blood serum and the ascitic fluid were tested for then agglutination reac lo^^ 
Dilutions of the sera and the ascitic fluid were made with sterile saline in mu ip ' 
of 16, as recommended by Stitt (1923ff) - , 

It will be seen from Table VII, that out of the 22 patients in this 
was a history of dysentery m 6, though only m 4 the dysentery occurred e ore 



M V 7 ? Rao 


473 


onset of nscitcs The agglutination tests, eitlier of the blood or ascitic fluid or both, 
were posifcn e in 13 and negative in 9 cases 

Table VII 


Agghdinalton tests with dysentery oigamsvis {Pieseni senes of 22 cases ) 


Serial number 



History of dvsen 
tor\ (Period in 
niontbs from tbc 
date of attack ) 

AGGLUTINATION TESTS 

Blood 

AscTTia ixniD 

B d>pfntenm 
(Shiga) 

B flyscnteitrv 
(Pleviier) 

B dytcntcria; 
(Sluga) 

B dn'ient'’ncB 
(Flexner) 

• 

I 

8 


Negative 

Negative 

+ 1/32 

+ 1/32 

2 

2 

3 

No 

” 

. 

Negative 

Negative 


7 

2 

No 

» 

tt 

tf 

i 

4 

8 

0 

No 


tt 

" 

1 

5 

13 

8 

No 

+ 1/128 

+ 1/128 

ff 

+ 1/32 

6 

19 

li 

No 

+ 1/16 

+ 1/32 

t* 

Negative 

7 

20 

2 

No 

Negatit e 

+ 1/128 

,t 

tt 

8 

34 

48 

No 

» 

Negative 

tt 

tt 

9 

26 

2 

Xo 

+ 1/128 

+ 1/128 

+ 1/32 

+ 1/32 

10 

34 

1 

No 

+ 1/128 

+ I/12S 

Negati\ e 

Negative 

11 

42 

5 

No 

Negative 

+ 1/16 


tt 

12 

46 

n 

i 


+ 1/128 

tt 

+ 1/I2S 

13 

47 

2 

3 

>7 

Negative 

ti 

Negative 

14 

51 

2 

1 

ft 

+ 1/128 

tt 

it 

IS 

62 

5 

No 

ft 

+ 1/128 



16 

53 

1 

No 

ft 

+ 1/128 

Negative 

Negative 

17 

80 

1 

4 

tt 

+ 1/128 

tt 

+ 1/64 

18 

57 

4 

No 

ft 

Negative 

ft 

+ 1/32 

10 

62 

4 

24 

+ 1/32 

+ 1/12S 
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Negative 

20 

72 
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No 

Negative 

+ 1/128 
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21 

79 
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No 

ft 
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22 

83 
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12 

+ J/321 
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A iiinnli(‘i of (oiitiol ( witli niul nscitcs. woio testcrl for their 

.I'luhiliimtion ri'Mifions iiir.unsi tin* liuilli of Slii'jii luul FIomut, to determine the 
\ lint' of tlit'^^t tests 111 the diiienosis of tilt f.niso of .isiitc'- 

Taui! vni 

.Iflffhilnxihoii /»<>/'' >1 il/i dysn>t()ij m hfj)ic(il c(i'>(‘> o/'o'.ritrs 


(hi( lo <iii}inM\ oj llii In a 


u 

c 

C 
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1 

= 

1 

> ^ » 
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1 

Case number 

rr 

0 

1 

e: 
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.M y 
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« o 
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£3 
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•“ o 
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C t- 1 
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Ui ooK 

1 

\sCITIC I LVll) 

1 
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V> 

ii 
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c 

u 
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-1- 

U 

C 

§ 'c 

55 

•0 

c 

ej 

u 
~ c> 

w c 

.2 

c;^ 

1 

1 

1 

12 

No 

N< gntivo 

-1 1/12S 



Portal eiirhosis 

2 

IS 

1 t 

1 


4- l'$2 : 



ff 


21 

I 3 

(20 \ cntsl 

[- I/I2S 

+ I/12S 

Ncc:a(i\e 

Negftfoe 

.-1. 

4- 

31 

12 
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cirrhosis 

fj 

11 


0 

{- 1/128 

+ 1/04 

^ 1/lG 

+ in 2 

Portal cirrhosis 

0 


o 

No 

-J 1/12 

1 + 1/128 

Negntoc 

Negative 


7 

nS 

1 

No 


1 


+ 1/128 

Si phihtic cirrhosis 

S 

07 

3 

No 

Ncgntnc 

+ 1'128 

1 ” 

+ 1/32 

Enrh portal cirrhosis 

0 

78 

2 

.3 

♦ 

Ncgatne 



Portal cirrhosis 


Table IX 

Agglutination tests With dysenteiy oiqamsms in typical cases of awiies due 

to hidney inefficiency 


! 

1 

u 

a 

a 

C5 

Case number 

Duration of ascites (m 
months) 

History of dysentery 
(Period m months from 
the date of attack ) 

AGGLUTINATION TESTS 

Blood 

Ascitic ildid 

§ 

^ i 

§,«) 

B dysentence 
(Flexner) 

B dysenlerice 
(Shiga) 

g 

C <u 

C2 

pR 

05'“' 


V 17 

5 

1 

No 

1 

1 

NefijatiTO 

Negative 

Negative 

Negative 



3 

5 

+ 1/32 

+ 1/128 

+ 1/32 

+ 1/32 




No 

Negative 

+ 1/128 

Negative 

+ 1/128 



X 

No 

>* 

Negative 

1 99 

Negative 





97 

+ 1/128 




Disease 


Diffuse glomcrnlnr 

nephritis 
Chrome nephntis 

Chronic” parenohyfflfl 
tons nephritis 
Sub acute nephritis 
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Table X 


Agghiinntiton tests with dysenteuj oiqamsms in tyjncnl cases of ascites due to 
decompensation of the heait 


Serial number 

u 

c. 

-o 

c 

c 

c. 

m 

« 

O 

Duration of n’ici*ea (lU 
months) 

> S 

t- o 

Bci: A 

^ tr ^ 

O ^ d 

^ 6 o 
°5o 

o t- 

4» o 

O' C- -C 

AGGLUTINATION TESTS 

] iisease 

Blood 

Ascrric 

iLvm 

B dysenUna 
(Shiga) 

§ 

c ^ 

«> a 

-s 

§ 

1 '^ 

^ WJ 

^Sq 
a; — 

B 

K 

:d t: 

tt t> 

V 43 
*0 1/ 

"C 

oq'- 

1 

14 

0 

No 

Negative 

Negative 

Ne^ntjve 

Negatn o 

Endocarditis, mitral 

2 

Ifi 

G 

No 

) 

+ 1/10 

>> 

+ 1/16 

^Iitral regurgitation 

3 

23 

1 

No 


-1 1/16 

„ 

Negative 

Svphilitic mvoearditis 

4 

31 

4 

Ko 

+ 1/64 

+ 1/16 

,, 

,, 

Mitral regurgitation 


32 

6 

No 

+ 1/16 



Double mitral 

6 

40 

12 

No 

Negative 

4 - 1/128 

ft 

+ 1/82 

Adhesive penrarditis 

7 

53 

12 

No 


h 1/128 


+ 1/128 

Double mitral 


77 

1 

No 

It 

Negative 

ft 

Negative 

tf 

0 

08 

7 

8 


J - 1/128 

, 


,, 

10 

SO 

2 

4 

+ 1/04 

Negati% P 

ft 

>> 

Mitral regurgitation 


Table XI 


Agglutination tests with dysenteiy oiganisms in other cases of ascites 
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© 

K> 

ffi is 

-II 

Blood 

AbCITIC FLUID 
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^ O 

S'S 

s 

s 

§ i 

8 
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a 

n 

a 

a 

3 

a 

\ ® 

a ^ 

o ^ 

43 -52 

g § 

° S o 

fc>ll 

■»^ © © 

M dj .a 

© 

^ ri' 

i © cA 

1 ^ 

« 2 
© c 
: 23 K 

«1'^ 

B dysentci 
(Shiga) 

e % 

1 © c 

tT' be 

i >|’,s 

oq — 


© 

03 J 

[ eS 

1 o 

a ^ 


I 

11 

4 

No 

Negative ' 

Negatn e 

Negative j 

Negative 

Infantile biliary cirrhosis 

2 i 


6 

No 

»? 

» 



Acute miliary tuberculosis 


25 

5 

1 

+ 1/64 

+ 1/16 ! 



(verified post mortem) 

3 



Acute yellow atrophy of 









liver (venfied post 

4 

43 

2 

No 

+ 1/128 

Negatn e 

i 

-h ino 

1 

Negative 

mortem) 

Acute miliary tuberculosis 









with Banti’s disease 

6 

S5 

2 

No 

Negative 


Negative 

ft 

(venfied post-mortem) 
Fxticme anoemia (secon 









dary to heavy round 
worm infection) 



I" i„ln th Caii.salio,, of Asalcs 

T\iu,i XIT 


A</(jluln>ni,n?> I,, I, ,nl/, fh/s(„tnif in vn^vlcdnl {control) cases 

ll'ldio’ltt (I'^Clfc's 


Serial number I 

c. 

o 

5 

o 

t/; 

ej 

O 

*5 c c, 

/ Cj 

o ^ 

r>c ^ 

c c H S 
5 r 

1 'nsi.s 

\ 

1 111 MOD 


I! rli/\rii(rri(t 
(Miijm) 

li di/t iitrrtti 
(I’’lc\ncr) 


1 

n 

No 

; Negnluo 

Ncgatiec 

S 3 pliilitie cirrhosis of the liver 

2 

38 

f) 

j i;i 2 S 

t 

h 1/128 

Catarrhal jamiclicc 

3 

30 

No 

) Nogatne 

Negative 

S\phihtio ciirhosis of the liver 

4 

44 

No 

t* 

+ 1/128 

I H\i)ertrophic biliary cirrhosis 

6 

71 

1 

No 

♦ t 

Negatu e 

Obstructive jaundice 

6 

aij— E 

No 1 

1 

f 

>> j 

rcrnicious anTniin 

7 

—6 







f 1 

n 

+ 1/128 

Acute bacillary d\«enteiT 

8 

?2 

12 1 

1 

+ 1/32 

+ 1/128 

philitic cirrhosis of the liver. 

9 

84 

No 

+ I/C4 

Negative 


10 

80 

No 

d 1/32 

+ 1/128 

Ankylostomiasis 

11 

90 

No 1 

Negatn e 

+ 1/64 


12 

01 

2 

+ 1/64 

Negative 

Peripheral neuritis 

13 

Ma— 25 

6 

+ 1/32 

7 

9* 1 

llyocarditis 


Table VIII shows the results of the agglutination tests in typical cases of 
ascites due to cirrhosis of the liver, described in Table I In 3 cases, there was a 

IS ory of ysentery before the onset of ascites and 6 cases showed positive agghi- 
tmation reactions 

Out of the 5 cases of ascites due to kidney inefficiency given in Table IX, only 
one gave a history of dysentery before the onset of ascites Agglutination tests 
were positive in 3 cases and negative in 2 cases 

Out of the 10 cases of ascites due to decompensation of the heart, shown in 
Table X, 2 gave' a Y^story of dysenteiy before the onset of ascites and 5, positive 
agglutination tests \ 
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The results of the affglutuiation tests m other cases of ascites are given in Table 
XI A history of dysenterj was given in 1 case and the agglutination tests were 
positive in 2 eases 

Tabic XII shows the agglutination tests in unselected patients without ascites 
Thcie vas a history of dysentery in 5 of them, agglutination tests were positive 
in 8, while 5 gave a negative reaction 

A suniinar) of the results of the agglutination tests with dysentery organisms, 
in all the above cases, is given in Table XIII — 


Table XIIl 

Summary of the tesulfs of the aggluiinatio^i tests xvitli dyseiiteiy oxgamsms 


I 

0 

fO \ 

S 

§ 1 Table number 

c ' 

1 * 

TO ' 

Total number of 
cases 

Number of cases 
■with history of 
dysentery 

Number of oases 
without history 
of dysentery 

Number of cases 
with a history of 
dysentery before 
the onset of 
nscites 

Number of eases 
in which the ag 
glutmation tests 
were positive 

Number of oases 
m which the ag 
glutmation tests 
were negative 

1 Table 

VII 

22 

6 

10 

4 

13 

0 

2 1 Tabic 

VIII 

<) 

S 

4 

3 

C 

3 

3 Table 

IX 

5 

1 

4 

1 

3 

2 

4 Table 

X 

10 

2 

8 

2 

5 

6 

5 j Table 

XI 

S 

1 

4 

xVil 

2 

3 

6 j Tabic 

XII 

n 

6 

i 

8 

m 

S 

5 


Discussion 

(a) Discussion of the cases — In most of the above cases, the causative factor 
m the production of ascites can be determined by taking into consideration the 
results of the complete investigation 

In 2 cases in this series under discussion, the diagnosis of portal cirrhosis was 
verified— in one case (No 8) at operation, and m the other (No 42) at autopsy 
In 3 cases (Nos 46, 53 and 83), the ascites was associated with extreme anaemia 
due to ankylostomiasis These cases improved well under treatment Para- 
centesis of the abdomen was done in cases Nos 46 and 53, to relieve the pressure 
SAunptoms, and the fluid did not accumulate again In case No 83, there was no 
necessity for paracentesis on account of the small quantity of fluid present Liver 
function was good in all these cases and there was a histoiy of dysentery prior to 
the onset of ascites, in one case only (No 83) Though the agglutination tests 
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h; J )in min Ihr ('(n/'>afum of Ascites 


\\rn' m all thaso (asas a (ljn»;uosm of diinnic })oiiloni(is clue to bacillar)' 

<l\s('nt('i\ Is not jnstilud fioin tlii'so f.iris .ilnno, as tlioic was maibccl improvement 
untUn (u'alinonl and tin fliiid innoi ir-.icc nnnilati d afloi inijiroc cmcnt in the 
<xom*rnl condition 

\ dia^nosts of doccnuja'iisation of ihi licait due to had ni) orardifis, ns the 
causa of ascitas, was made in case* Ao SO winch showed a dilated heart with 
sestohe nniiimiis in all tlu' aicas nnd niaiKcd aiimmia A liistor)' of repeated 
‘cwcllnif's of the lioch , w itli isi it os of) and on, was fn\ on in tins case Thepositive 
agalntination tests in this case were due to an attack of chscntciy before the last 
appearance e^f ascites The diminished function of tlie Iner, in tins case, may be 
due to its (Inmate on aeconnt of the c Inonic passive congestion produced by repeated 
attacks of congestne heait /ailme 

That s^plnlis was tlic cause of cnibosis of tlie Inci was concluded m cases 
Nos 20, 34 nnd 57, winch showed a strongly posituc Wa'^scimann reaction, a hard 
and grauulai livci, onlaiecd <?pleon and piomnient \cins in the abdominal wall 
There was no histoiy of ch senten in any of these cases, though cases Nos 20 and 34 
gave positive agglutination tests The negative Iner function tests, m cases 
Nos 34 and 57, only show’ that there was still su/hcient amount of liver tissue 

which ivas functionally active The diagnosis of syphilitic urrhosis of the liver in 

case No 1 ivas confiimod by’ Ins lemarkable improvement with the disappearance 
of ascites, after a complete couise of anti-sy phihtic treatment The patient in case 
No 24 similarly impiovcd after anti-si plulitic treatment It is presumed that, m 
these cases, the cirrhosis of the hvei w'as not so far advanced as to cause permanent 
damage The patients in cases Nos 19 and 72, with diminished liver function an 
strongly’ positive "Wasseimann leaction of ascitic fluid, did not stay’ for a sufficiently 
long time in the hospital to complete a course of anti-svpluhtic treatment for 
confirming the clinical diagnosis of sy’phihtic ciirhosis of the liver by the 
therapeutic test It must be mentioned, however, that the therapeutic test m 
these cases may not be alway’s helpful m confirmjng the diagnosis, especially ^ 
the cirrhosis of the liver is far advanced There was no history of dy’sentery 
m these twro patients, though in one (No 72), a positive agglutination reaction 
was present , 

In cases Nos 2, 7, 12, 26, 47, 51 52 and 79, the liver function was definitelV 
impaired There was no history of dy’sentery’ prior to the onset of ascites in any 
these cases except in No 47 The negative agglutination tests, after such a s iot 
period as 3 months after an attack of dysentery, are strongly suggestive that e 
dysentery in this case (No 47) was probably amoebic The clinical findings an^ 
the results of investigation are strongly m favour of portal cirrhosis being the 
of ascites m all these cases To what extent syphilis play’s a part in the 
as judged by the positive ITassermanu reactions does not seem to p 
defimte 
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In case No 62, tlie diagnosis is still a matter of conjecture, even after a 
complete investigation j\Iarked ansemia, -wliicli was present, cannot be attributed 
as the cause of ascites, as the abdomen filled up very rapidly necessitating repeated 
paracentesis The clinical picture resembled that of a terminal stage of cuThosis 
of the liver, but the results of the investigation did not confirm it At this stage, 
there should certiinly be functional derangement of the liver, with enlarged spleen 
Though the ‘ aldehyde test ’ was positive in this case there was no other clinical 
or laboratory evidence to substantiate that kala-a^ar was responsible for the causa- 
tion of ascites By a process of elimination, the ascites in this case had to be 
attributed to a chronic peritonitis There was a history of dysentery two years 
prior to the onset of ascites, which was of 4 months’ duration The agglutination 
tests were positive for the bacilli of Shiga and Flexner How far the dysenteric 
infection is responsible for the chronic peritonitis could not be judged from the 
lesiilts of the clinical and laboratory investigations 

Thus, in this senes of 22 cases of ascites, the causative factor was portal 
cirrhosis in 10, syphilitic ciirhosis in 7, extreme ansemia in 3, decompensation of 
the heart in one and chronic peritonitis in another There was a history of dysentery 
before the onset of ascites in 4 and the agglutination tests were positive m 13 In 
all these patients except one (No 62), there were other definite evidences to account 
for the causation of ascites The relationship between chrome peritonitis and 
dysenteric infection in case No 62 could not be established from the data 
available 

(6) The as’iociation of asciles with lala-azai —There is no evidenee that the 
ascites in any of the above cases was due to that type of cirrhosis of the liver, which 
IS occasionally seen m cases of kala-azar, as described by Rogers (1923«) The 
‘ aldehyde test ’ was negative in all the patients but one (No 62) Even in this 
patient there was no enlargement of the spleen or liver and no pj^rexia to suggest a 
diagnosis of kala-arar Kala-azar is not endemic in this district, and the few 
patients with this disease, who are sometimes seen m the wards, aie imported 
from other endemic areas Thus, kala-azar does not play any pait in the 
causation of ascites in this district 

(c) The value of the agglutination tests against the dysenteiy oi gam sms in the 
diagnosis of the causation of ascites — The results of the agglutination tests against 
the bacilli of Shiga and Flexner, tabulated m Table XIII, show that out of the 51 
cases of ascites in which these tests were done, 29 (56 9 per cent) gave a positive 
reaction There was a history of dysentery in 15 cases (29 4 per cent) and in 10 
(19 G per cent) it occurred before the onsf t of ascites In all these cases except one 
(No 62), the ascites was found to be due to causes other than ‘ chronic dysenteric 
peritonitis ’ on investigation The positive agglutination tests in case No 62 
only confirm the history that there was d-\ senteiic infection, but does not throw 
any light on the question as to whether it was the cause of the chronic peritonitis 
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Ottf of lli(' l‘^ <n‘'("^\\lllKlIlt n‘'f 1(0*., .I (.58 ."j per f ciif) gave a liistorj of dysentery 
and till' atm'liitmafioii tests uen* j)ositi\e ui 8 cases (61 0 ])cr cent) 

'J'lius out of the (ilcasc's tlicMe uas a history of dysentery )n 20 (31 ,3 per cent) 
and the aL'ulntination tests weie f)ositi\e in 37 of tlicni (58 8 per cent) 

It ina\ tlieiefoie he ( OIK hided, from the aho\ e data tliat positu e agglutination 
tests [aecording to the standards gt\en h\ I\Ianson-IJahi (1022) and 11 ogers (1^)29)] 
are stiongh in fa\our of a pre\ions infection ^\lth the bacilli of dysentery' The 
OMclonce is stiontier if theie is a history of dyscnteiy as \sell These tests fail to 
provide am infoiinntion as to hou fni this pi c\ ions infection vitli the bacillary 
dysentery is losjionsihlc foi the ascites in am case In the clinical investigation 
of ascites these ])ositi\e aerglutination tests help to the same extent as a positive 
Midals leaction against the typhoid oiganisms in the diagnosis, they' simply 
confiim a pievious infection w itli the bacilli of dysentery or ty phoid fever, as the 
case may be, these may oi may notlnneany relation to the ascites 

Tlieie IS no evidence that the agglutinins occur in a higher proportion in cases 
of ascites than those found in non-ascites cases It may' therefore be concluded 
that the percentage incidence of bacillary dy sentcry' is the same m ascites and non- 
ascitcb cases Hence, a positive agglutination test or a history' of dysentery m a 
case of ascites is of no special mtiological significance Moreover v'hile a positive 
agglutination test is strongly in favoui of a previous infection T.'ith dy'senterv 
organisms, a negative test does not exclude it, as the agglutinins rapidly disappear 
after the patient is cured 

The fact that 58 8 per cent of all the cases showed positive agglutination tests 
denotes only' that baciUary' dy'sentery' is very' common m this district, the 
Flexner group of organisms seem to be the common invaders judging from the high 
proportion of agglutination tests with this group 

The following case illustrates how the positive agglutination tests and a history 
of dysentery are of no value in arriving at a diagnosis as to the cause of ‘ ascites of 
obscure mtiology ’ 


Case No 25 B Appala Naidu, a Hindu male, aged 35 years, was admitted into the me ica 
wards of King George Hospital on IGtli August, 1931, with a complaint of swelling of the abdomen 
and feet of 1 month’s durat'on 

Previous history indicated that he was subject to frequent attachs of malaria and he had tin 
attack of dj'sentery about 5 w ceks prior to his admission into the hospital Shortly after the dysenterj , 
he noticed swelling of the abdomen and feet 

On physical e-iaminalion, he was found to be modeiately nourished The visible 
niembranes were not amemic and there were sub icteric tint of the sclcrm and slight oedema o 
the feet and legs, which pitted on pressure Fator of breath and pyorrlima alveolaris were pre 
There was marked distension of the aboomen with all the cMdences of free fluid in it, no veins 
visible on the abdominal wall , spleen and liier were not palpable . 

Respiratory and circulatory systems were normal, c\cept for the pressure effects of the m 
the abdomen Except for the lost knee jeiks on both sides, there was nothing abnormal wi 
nervous system The temperature, pulse and respiration rates were normal 
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jMhora(3iy fuidtngs Evaminntion of the blood did not repeal anything abnormal, the blood 
counts, fragilits of the red colls, c\nmination of the blood smear Mere normal , Wassermann 'eaction 
vrns negatiro , ran den llergh s reaction mos biphasic The agglutination tests Mere positiTC against 
the bacilli of Shiga and Flc\nor in dilutions of 1 in 01 and 1 m IG respectively The examination of 
the urine Mas negative, except for the presence of nrobilin 

Fxces contained blood and mucus niicroscopically no antmba; Merc found, but only red blood 
colls and plentv of degenerating leucoc\tcs Culture of the fxccs Mas negative for dysentery 
organisms 

Dmqnosts The positive agglutination tests, the history of dysenter;; prior to the onset of ascites 
and the other negative findings pointed to ‘ chrome d>senteric peritonitis ’ as being probably the 
cause of ascites in this patient 

Prognts The patient graduallj became Morse and died on 23rd September, 1931 Shortly 
before death there were petechial hssmorrhages over the chest and abdominal ivall 

Foil mortem report Eight pints of stiau coloured fluid Mere found in the abdominal cavity The 
visceral and parietal peritoneum mbs smooth and shinj The liver Meighed only 24 ounces and Mas 
smaller in size than normal soft in consistency and velloMish broMn in colour The lungs shoMed 
hypostatic congestion and the spleen passu e congestion The large intestines shoved a number of 
transversi. ulcers along the free edges of the folds of the mucous membrane 

Histologioalh , the appearances of the liver resembled those of sub acute velloiv atrophy, with 
estenbive necrosis of the liver cells and accumulation of pigment No amoebie Mere found in the 
ulcers of the largo intestine 

Comment That the ascites was not due to ‘ chronic dysenteric pentonitis ’ Mas proved b-y the 
autopsy In the absence of other pathological evidence, tlio ascites has to be attnbuted to sub acute 
yellow atrophy of the liver The oxpenmental researenes of Bollmau (1931) have shoun that the 
liver IS concerned in the luetabohsm of water and ascites is an ev ent in failing hepatic function and is 
not necessarily dependent on portal olxtruction 

{d) The role of dysentery in the causation of ascites — The results of this 
investigation do not support the vieiv of Megaw (1924), that ‘ the commonest 
form of ascites in India is not due to cirrhosis of the liver, hut to a fibrosis of the 
peritoneum resulting from irritation of the peritoneum by the toxins of the bacilli 
of dysentery ’ The evidences which have been brought forv ard m support of this 
theory were, (1) history of an antecedent attack of dysentery shortly before the 
onset of ascites, (2) positive agglutination tests against the bacilli of Shiga and 
Flexner, and (3) in few cases, the post-mortem evidence of a diftuse fibrotic 
thickening of the peritoneum, especially in the upper part of the abdomen 

That the onset of ascites was preceded by an attack of dysentery does not 
necessarily mean that the dysentery has m some way contributed to the develop- 
ment of ascites That a history of dysentery is of no paiticular value is evident 
from the results of this investigation where, in all the patients who gave a history^ 
of antecedent dysentery, the ascites was found to be due to causes other than 
‘ chronic dysenteric peritonitis ’ ^^Tien more than 50 per cent of the control cases 
show evidence of infection with the bacilli of dysentery, a history of dysentery, even 
if present, cannot be relied upon as establishing any aetiologic relationship m the 
development of ascites 

^It was already shown that, while positive agglutination tests against the bacilli 
of Shiga and Flexner are stronglj m favour of previous infection with bacillary 
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il\ ‘'t'Ul('r\ lli(n fjul that <l\ ‘tcnt{T\ j)Ia\s am part in tlie retioloffv of 

a ‘-I it("> 

111 all till' T) ( a‘'( ^ (h‘s( Ilia fl l)\ i\]«*<ra\s in ‘•njijiort of Itis mow there lias 
piMUTiil fihrotu tlii(Kcnmp of tlio laTitonciiin ‘5 ca‘'CS shoi\crl ulceration of the 
inte^tiiu's and 1 ( a^c wa*- a^sia lati d with i nrhosis of the li\ er Thickening of the 
]H‘iitoiu’um IS found avsiaiatcd with a nuinluM of (onditions and, unless all the 
other jiossihle faitois are e\( hided 1)\ a thoioimh e\aniin.ition, it should not he 
attiihiited to d\ seriteri Oslei and i\I(Ciae (lO'tO) point out that ‘ in cases of long 
conhnual rfsc/trs, the serous surfa< es genoialh iirfoine thickened and present an 
opaque, dead white colour This is ol)‘-ei\rd tsj'orialh in I/cpal/c c/rrhosis, hwt 
attends /nnioms, clonnu pr/swu conip siio// etc ’ Kepratrd paracentesis of the 
abdomen to relioA e the piessuie s^ mptoms in a'^citesnun result in chronic peritonitis 
due to a mild infection with mitio-oiganisms of a low degree of Mrulence The 
commonest causes of simple cluonic pciitonitis stated b^ Ficnch (1928) are 
‘ a fo/mci t'/ihcrculoia jn/ilomlib. fiom winch tlie tubercles ]ia\e disappeared, and 
the chronic inflammation which results fiom '/cpcatccl gun acentes/s abdomw/s ior 
any other ^ aiicty of ascites Granitlar nophi it/i> and a/lo io-sclcios/s aie considered 
by Halo-‘\^ lute (1SS8) as impoitant factois in causing that form of chronic perito- 
nitis of wdiich a universal peii-hepatitis is a mailccd feature The results of post- 
mortem observations iccoided in a previous paper (Tiiumuithi and Radhaknshiia- 
rao, 1932) show eel that in cases in w Inch thickening of the peritoneum w as associated 
wuth ascites, the causation of ascites was found to be due to factors other 
than ‘ chronic dysenteric peritonitis ’ Out of the 10 cases examined post-mortem 
in the pesent series of G9 cases of ascites im'estigated, chronic peritonitis was 
present only m 3 In 2 cases, it was associated with acute miliary tuberculosis 
of the peritoneum and in the other, wuth portal cirrhosis of the In er In the 
latter case, the peritoneum was opaque white in coloni, peri-hepatitis and pen 
splenitis were present and the macroscopic and microscopic appearances of the 
liver were typical of portal cirrhosis The intestines w'ere normal in all these 
3 cases 

Thus, it IS not easy to say w hether the chronic peritonitis present in any esse, 
IS the cause or the result of ascites Even if evidences of bacillary dysenter}'’, recent 
or old, are present in the intestines, the thickening of the peritoneum should no 
be attributed to it, unless all the other possible causes of such thickening sre 
excluded ^ 

Moreovei, none of the othei investigators into bacilkary djmentei}, 
mentioned ‘ chronic di'senteric peritonitis ’ leading to ascites as one of the com 
phcations of the disease ‘ The inflammatory process in bacfllaiy dysenter} i 
essentially confined to the mucous membrane, so that localized peritonitis is 
over the sites of the lesions ’ (Rogers, 1930) Hence, such a condition of c iron ^ 
dysenteric peritonitis ’ must be rare and cannot therefore be the cause of a commo 
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form of ascites m the tropics ’ Tlie results of the clinical and pathological investi- 
gations into the causation of ascites m this district, where bacillary dysentery is 
veiy pievalent, does not support the view held by Megaw If the tovins of 
bacillarj'^ dysenterj are responsible for ascites, more cases of this type should have 
been seen either clinically or at autopsy The post-mortem records show that even 
m fatal cases of bacillary dysentery, where the toxaemia would have been se\ ere, 
there vas no ascites and the peritoneum was not thickened and did not show any 
signs of inflammation 

It may therefore be concluded from the above observations that ‘ chronic 
dysenteric pi ritomtis ’ is very rare and is not a common cause of ascites 

Eogers (1913) and Cunningham (1923) have shown that hepatic cirrhosis with 
ascites may occur as a complication of bacillary dysentery Cunmngham (1923) 
has pointed out that such a complication ‘ is of considerable importance on account 
of it"! relative frequency and its almost invariably fatal result ’ It is quite possible 
that the toxins of bacillary d\sentery, especialty m sub-acute and chronic cases, 
absorbed into the portal circulation may damage the liver cells and produce a t}qoe 
of cirrhosis which is closely allied to the ‘ sub-acute toxic cirrhosis ’ of Mallory 
The following case illustrates such a complicatiou of bacillary dysentery — 

Appamma, a Hindu mamed ivoraan, aged about 25 jears, uas admitted into the Medical Wards 
of the King fJeorge Hospital, Vizagapatani, for swelbng of the feet of 10 davs’ duration 

Her prei lom history showed that slie was passing loose motions, four per day, accompanied by 
pain in tlie lower abdomen for 6 months pnor to her admission into the hospital 

The general condition of the patient was verv poor, all the visible mucous membranes ivere very 
auiemic, pyorrhoea alveolans was present and the tongue was coated 

On physical examination the circulatory system was normal, except for the hainuo murmurs 
present, the respiratory and nervous systems showed no abnormahty The liver and spleen were 
not palpable There was no ascites 

The blood shou ed signs of marked secondary aniemia , the blood Wassermann was u eaklj 
positive, the urine showed only a trace of albumin No amoebae or cysts were found in the stools 
The patients condition gradually became worse and she died 23 days after admission 
Autopsy There was no fluid in the pentoneal cavity Pentonoum was smooth and shiny 
Liver was smaller than normal and on histological examination showed early changes of multi lobular 
cirrhosis Alescntenc glands were enlarged Tvpical bacillary djsentenc ulceration of the descending 
and sigmoid colon was present and it was confirmed by histological examination 

Oommerf Clinically it was not possible to diagnose cirrhosis of the hver, m this case Asiites 
might have developed if the patient had survived for a longer lime 

(e) The results of this climcal investigation confirm the views expressed m a 
previous paper that the commonest causes of ascites m this district are cirrhosis of 
the liver and decompensation of the heart 

In the investigation of the cause of ascites, portal cirrhosis should not be 
excluded even if there is no history of excessive consumption of alcohol or if the 
patient survives several tappings In all the cases m which portal cnrhosis was 
verified post-mortem no history of excessive drinlnng of alcohol was obtained 
Hence, some other cause should be found to account for portal cnrhosis, which is 
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(kTnutoU piovod from <hc post-morlom records of the Medical College Hospital 
(King George Hospital), to be tlio commonest t}j)e of cirrhosis met nitli in tbs 
distiict It may be tlint some toxin, close]} allied to alcohol m its action, nhicli 
\%as absorbed into the portal (ircnlation from the intcstnial tract, produced the 
portal cirrhosis m these eases The results of the iin estigation into theietiology 
of portal cinhosis in this district will lie discussed in a separate paper 

Because a patient survnes seicrnl tapping, it need not be a point against the 
diagnosis of cirrhosis of the hver In most of the cases m whom the diagnosis of 
cirrhosis of tlie liver was dcfinitcl} established, paracentesis of the abdomen had to 
be repeated a number of times to rclie\ c pressiiie symptoms and was attended with 
no ill-efTects In the patient in case No 8, in w horn the diagnosis of portal cirrhosis 
was verified at operation, paracentesis was done 8 times during Ins 2 months’ stay 
m the hospital Barker (1930o) has drawn attention to a patient ‘ who had to he 
tapped over fifty times for ascites due to portal cirrhosis’ 

The results of the clinical im estigation clenily sliow that it is not always easy 
to arrive at the causation of ascites in every case A systematic mvcstigation 
should be undertaken in all obscure cases, with a view to unravel the letiologic 
factor Undue importance should not be attached to the history of any case, which 
should be considered along wutli the results of the physical and laboratory examina- 
tions In the liglit of modern biochemical methods an attempt should be made to 
diagnose ascites due to cirrhosis of the liver at an early stage, before all the classical 
signs develop The importance of this wull be realized fiom the statement of 
Rowntreo (1929) that in 75 per cent of patients snffeiing from portal cnrhosis, 
the ascites will yield to Merbaphen (Novasurol) or Mersalyl (Salyrgan) an 
ammomum salts 


Summary and conclusions 

(1) The results of the investigation into the cause of ascites m this part of the 
Madras Piesidency defimtely show that cirrhosis of the liver and decompensation 
of the heart are the commonest causes of ascites, and do not support the view 
Megaw, that ‘ the commonest form of ascites in India is not due to curhosis 
of the liver but to a fibrosis of the peritoneum resulting from irritation of t le 
peritoneum by the toxins of the bacilli of dysentery ’ 

(2) Kala-azar is not seen here and does not play any role m the mtiology o 
ascites 

(3) Bacillary dysentery is very common and the Flexner group of organism 

appear to be the common invaders , 

(4) The role of bacillary dysentery in the causation of ascites is ^ 

It IS shown that ' chronic dysenteric peritonitis ’ (Megaw) is rare and should no 
considered as a ‘ common ’ cause of ascites , hepatic cirrhosis is the probable cavs 
even in cases of ascites with previous history of dysentery 
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(5) Wliilc positive agglutination tests against the bacilli of Shiga and 
Flexner point to a previous infection with bacillarv dysentery, they fail to prove 
the retiologic relationship between dysentery and ascites A history of dysentery 
shortly before the onset of ascites is of no particular significance and it should 
not be taken as a point in favour of ‘ chronic dysenteric peritonitis ’ leading 
to ascites 

(6) The causes of chronic peritonitis are many and it is not always easy to prove 
whether the thickening of the peritoneum is the cause or the result of ascites Even 
if evidences of bacillary dysentery, recent or old, are present in the intestines, the 
thickening of the peritoneum cannot be attributed to the dysentery, unless all the 
other causes for the change in the peritoneum are excluded 

(7) A diagnosis of cirrhosis of the liver should not be excluded in cases of 
ascites, because there is no history of excessive drinking of alcohol or the 
patient has survived several tappings 
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mo n Kosoanh Follow ‘■hip hut foi wliicli I would not lm\c been able to devote 
niv wholo-tuno at font ion to this piece of woik The lesults of further investigation 
into cirihnsis of the Iner will ho published in subsequent papers 
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Introduction 

Much confusion, exists m the nomenclature of the group of organisms commonly 
referred to as the lactose fermenters — more comprehensively called the colon 
group During the course of bacterial research on the faeces of newly born and 
entirely breast-fed children, Escherich found m 1885 that certain bacteria appeared 
m the feces and were always present m the colon, either confined to the large intes- 
tines or at least not extending far beyond the ileo-caecal valve mto the small mtes- 
tmes Subsequent studies of the actions of the members of the group on carbo- 
hydrates, alcohols, and glucosides showed a very great difference in the mdividual 
members found Levme pomted out m 1918 that as the number of fermentable 
substances or other characters observed was mcreased, the number of varieties was 

given by the formula 2° where n is the number of characters studied Thus with 
8 characters there would be 256 possible combmations and the number would rise 
to 1,024 with 10 characters 

From 1905 to 1909 MacConkey employed saccharose and dulcite for "ubdividmg 
the group into four mam divisions, each type mcluded a number of varieties 
distinguished by gelatme liquefaction, mdol production, Voges-Proskauer reaction, 
motihty and fermentation of mulm and adonitol On this classification a system 
of bacteriological standards for tropical water-suppbes was developed by Colonel 
Clemesha, Govmdarajulu and the author of this paper and published as an appendix 
to the Annual Report of the King Institute, m 1908 There is no doubt that the 
fermentation reactions of the coli group are sufficiently constant to be of service m 

( 489 ) 
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Iho rla‘'Silic!ition of if'' inonibor'i an organism on prolonged cultivation 

nnu lose its fciinontiiig cajiadtv, Imt siicli exceptions arc not mimcrons enough 
to detract fiom the \alue of the method As a mlc the earholn dratc is attached 
jiiompth and atid and tins formed in less than 24 hours 

It IS of interest to trace the different tests mtioduccd m determining the 
organism Thus Eschcrich in 1885 used motilit\ and coagulation of milh as tests 
for the "roll]' Theobald Smith added capsule formation and saccharose fcimenta 
tion in 1893 and the ratio of gases e\ol\cd m the fermentation of glucose ml895 
In 1901 Diuham added starch and imilin to the list of fermentable substances and 
the reactions desciibed b\ Voues-Proskauer In lOOl ^lacConkc} used saccharose 
.ind cluleitol Haulen and "W al])olc added a more accurate quantitatne analysis 
of gas production m 190G Clarke and Lubes in 1915 introduced In drogen-ion 
concentiation befoie and after feimenting glucose using meth}l-rccl as an indicator 
He giouped the lactose fermenters into high and lo^^ ratio groups Khgler modi 
fied the iMacConkc}’s classification b} substituting sahcin in place of dulcitol m 
1914 and classified the organism into four groups (1) ocicfi lachex , (2) -B coli coxxx 
mnms , (3) B coh coimmnxxor , (4) B Inchs axoqcnes He further used gljcerine 
to divide the aerogenes group into cloaca' and aroqcncs In 1913 fermentation o 
mositol \\as considered bj iMackic as an important criterion in the gioupmg 
Levine m 1916-18 studied cofi-likc bacteiia isolated from soil, 
faeces as to their chaiactcrs such as fcimcntmg diflcrent materials— glucose 
sacchaiose, salicin, gheenne starch, liquefying gelatine, the presence ora - 
of motility and the double reactions indieated by the sj mbols i\I E and V P 
red and Voges-Proskauei) He introduced the classification of the L * 
faecal and non-faecal or what he called ‘high and low ratio organisms n ' ^ 
Stewart and Koser mtroduced a new test in citrate ntilization by means 
a claim was made to distinguish the lactose fermenters of animal origin from 
soil In 1924 to 1926 Raghavachari m a study of the apphcabihty of the two 
viz , proportion of high and loiv ratio lactose fermenters and Koser s citia e 
tion phenomenon applied to L F contamed m Indian w'aters, found t a 
nite diagnosis as to coh of human, bovme or soil origin could be arrive a^ 
Pawan (1931) has been exhaustively and critically reviewmg this su 
the headmg ‘ Some aspects of the Colon group of organisms e pf 

the various standards used by bacteriologists from time to time ^ 
human fmcal poUution He has also on occasion critically applm so 
methods to water samples fiom Trmidad The review is not yet c 
far his conclusions seem to pomt defimtely to ‘ lack^ of correlation 
tests in existence and the sanitaiy quahties of waters ’ 


' ~~ mfv ‘ Lactose 

* Throughout this paper the abbreviation ‘ L F ’ has been used to sig 

Fermenters ’ 
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From the above literatme extending over a period of about five decades, it 
may be observed that tlie various biochemical tests employed ivere able merely 
to subdivide the lactose fermenters mto more and moie varieties without group- 
ing them into any definite types Eecent advances m bacteriology dealing with 
the serological behanour of organisms, has definitely helped in the classification 
of orgamsms such as the enteric and dysenteric and food poisomng groups The 
serum test of agglutmation was therefore considered suitable for grouping the lactose 
fermenters Before going into the method of the preparation of agglutinating 
sera against lactose fermenters, it is perhaps better to describe biiefly the more 
important characteristics of those organisms and particularly those relating to their 
antigemc properties 

Natural cliai actenshcs of lactote feimenters — Organisms of this group are 
found normally in the mtestmes of all warm-blooded animals and many cold- 
blooded creatures They have been isolated from grasses and grams In some 
instances they live a saprophytic hie outside the bodies of ammals and m others 
they are foimd associated with diarrhoea, peritonitis, pyelitis, cystitis and other 
inflammatory conditions They are foimd to show much variation such as the 
dissociation mto smooth and rough haemolytic and non-haemolytic forms They 
ferment several sugars A constant characteristic of the group has, however, 
been found to be the fermentation of the sugar lactose and so the name ‘ Lactose 
Fermenters ’ has been appropriately given to this group of organisms 

Antigenic value — Some of the orgamsms of the group have been found to 
possess antigemc value to a marked degree With the exception of a small experi- 
ment by Durham who found in 1897 that the serum of an immumzed animal 
agglutmated the homologous stiam to a hightitre but other strams either not at 
all or onlv m low titre, it has been the opimon of numerous observers until recently 
that B coll was mainly saprophytic and could not develop agglutimns In 1921 
Dudgeon and his colleagues showed that the hEemoljdic strams of B coll met with 
m infections of the urinary tract were practically all agglutmated by the serum 
obtained from an animal immmiized agamst a smgle stram, while the non^hsemoly- 
tic strams were separate entities smee they uere onlv agglutmable by homologous 
seia This was confirmed by Meyer and Homenby m 1924 In 1926 Hoes and 
Stmung independently proved b} agglutmation and saturation tests that a kmship 
existed between a number of strams isolated by them Besides the jn incisal 
agglutinins developed by certam strains of B coli it was noted that there uas a 
formation of a partial agglutinin for strams of B coli m the seium of animals immu- 
mzed by B typhosus and B dy sentence Differmg from the above two kmds of 
there had been noted a third kmd known as heterologous agglutinin (Heben- 
agglutmm) winch was formed m certam infections as cerebro-spmal and typhoid fevers 
Kahn and his colleagues cultivated from the stools of dysentery patients B coli 
strams which agglutmated with the dysentery high titre serum, which phenomenon 
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tormod para-nrif/tutntnfton Tlu’ tc.ufion wns pxjdnined by them by the faeb 
that 7i call b\ close association uilh thcd}sentcn bacillus m the body of tie 
patient had its niejition apparatus inodified to resemble that of the pathogenic 
organism Tins specific modification of the coh oiganism m dysenter)’’ stools uas 
taken nd\antage of in the prejiaiation of the special tjTie of antigen used in 
obtaining iigglutinatnm ‘■eiiim foi the human t^pc of coh organisms 

Prcparalion of nfiritutnintniq ^rnnn ammi'-.l L F — The organisms were in the 
first place isolated from si \ oral spec miens of di scntcric stools and normal speci 
mens of calf-dung In the usual method of inoculating JlacConkey’s media To 
select a fen predominating tipes from the large number of organisms they were 
furtlier inoculated into sets of si\ common sugars, lactose, saccharose dulcite, muhn, 
adonitc and raffinose Bi the fei mental iic action on those sugam the organisms 
were grouped into 30 eombinations as sljoiin m Appendiv I The organisms thus 
limited m numbei In the sugai reactions, i\ere then arranged m their order of 
predominance, as found m Ajipcndix II recording results of specimens of intestinal 
contents of man, calf, rabbit, monkey and pigeon and m soils 

In an experiment adopting the above tcclimqiie 321 L F were isolated from 
60 specimens of dyscntciic stools and inoculated into tlic difierent sugars and classi- 
fied. mto gioups as slioivn in Appendix II Tlic first ten predommatmg organisms 
were separated out, sub-culturcd, emulsified, and mixed to constitute the antigen 
Each emulsion i\as fuitlici duided up into dead and Imng emulsions to be inocu- 
lated successively 

Fiom 16 specimens of calf-dung 192 L F were isolated and classified by sugar 
reactions into different groups, accoidmg to their predominance The first seven type 
orgamsms were sub-cultured and emulsified mto a specific antigen for the bovine 
type of agglutinating serum as tlic organisms uere tested and found to possess 
antigenic property The pooled emulsion was, as m the case of human strains, 
divided up mto dead and living emulsions to be used m moculatmg animals success 
ively m tbe preparation of the homologous senim Appendix III records the types 
of organSsms from the predominant groups that were used as antigens 

An mtravenous injection of 5,000 millions of the dead oigamsms of human 
or bovme origin was by experiment found to be too toxic and fatal to ra 
weighing about 250 giammes A smaller dose of about 600 mdhons was chosen 
for the mitial mjection, and a dose of 5,000 mdbons was gradually worked up to y 
weekly injections of doses incieasmg legularly by 250 millions The same amma 
then moculated with 2 or 3 doses of a hve emulsion of 500 mdhons Small 
of blood were taken from the ear vems of the treated animals and assayed for 
content of agglutinms As soon as the titre was about 1,000 and upwai s, 
p-mTYia.l!=i were bled and serum collected and stored m the usual way m capsules 
Glassification of L F into human, bovine and soil types by the use of i 
specific sera prepared — The two tyjies of polyvalent agglntmatmg sera prep 
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as described above were then used to difterentiate the L E uito animal (human 
and bovme) and non-animal (soil) ta^pe The L F isolated from different speci- 
mens of normal fieces and calf-dung were then tested agamst the two t}'pes of 
agglutmatmg sera m the foUowmg way The organisms were primarily verified 
as to their chaiacteristic fermentation of lactose They then were each emulsi- 
fied in drops of the human and bovine high titre serum, kept on a slide and slightly 
rocked to and fro for a feav mmutes as is done m the techmque of agglutmation by 
the shde method The phenomenon of visible clumpmg was obsen^ed and noted 
The organisms were classified as human or bovme accordmg to the agglutmation 
caused by 1 m 50 dilutions of the respective sera Whenever the organism was 
affected by both the sera, end-pomts were worked out by usmg further dilutions of the 
sera and then the orgamsms were classified accordmg to the serum which clumped 
the organisms m the highest dilution The organisms which could not be clumped 
by either serum m 1 in 50 dilution, were labelled as ‘ soil ’ — stnctly this group should 
be called ‘ non-human and non-bovme’, as possibly some may be derived from 
other animals but for convemence they will be called ‘ soil ’ type 

Table I 


Slioiving the percentage of human and bovine L F in the 
corresponding specimens 


Nature of examination 

Human fa.ces 

1 

Calf dung 

Sewage 

Total number of Bpecimens 
exammed 

62 

68 

29 

Number of specimens in 

67 

68 

26* 

which corresponding 

shoiving human 
tyjie of L S' 

showing bovine 

showing liiiman 

tvpe of li F were 
present 

type of L F 

type of L F 

Percentage of specimens 

92 

100 

86 

in which corresponding 

showing human 

showing bovme 

showing human 

type of L F vere 
present 

type of L F 

1 

type of L F 

j 

type of L F 


* In the font negative Bpecimens of sewage only 4, 6, 3 and 5 lactose fermenters respeotivelv 
could te obtained for examination as tlie samples of sewage were very dilute 


From each of 62 specimens of human faeces and 58 specimens of cow-dung 
10 colomes of L F from unselected areas of growths on MaeConkey plates were 
examined agamst human and bovme agglutmatmg sera and the results are recorded 
m the above table From the table it will be found that 57 out of 62 specimens of 
fseces, that is a percentage of 92, contamed human type of L F and cent per cent 
of cow-dimg specimens contamed bovine type of L F In specimens of sewage 
26 out of 29 specimens, i e , 86 per cent contamed human type The four specimens 



Thv S(’)ol<)(ft((il ('l(t^sijivatwn of Lactose Fcimenlos 


of ■sC'NMipo wliuli were t\(''ju{u( \\(Mc ^^l 3 nnuli cliUi(<.(l, ns the spccuncns con 
tnmcfl few L F It \\»11 he vt'en fjorn the aho\e fnets that e\cr} specimen of cok 
lUmg examined showed ho\nu’ t^JK• of L F and nenrl} ^ out of 10 specimens of 
human fiei ps and sewaj'p showed iiunian t\j»e of L F, conclusive)} proimg that 
presence of human or hoMiic Ujic of L fonns a cliarnctoristic of human faiccs 
and cow -dung rospeelnel} 

Appendix IV coutnms the i^'sulfs of ageluf ination of L F hv the two types 
of sera and classiricalion into human, lun me and soil types Fiona a stud} of the 
figures m Appendix IV it is \e'\ mteiestmg to note that on!} 34 pci cent of the total 
628 lactose fcrmcnteis isolatial fiom U2 sjjta miens of fmccs, w ere classified as human 
and hovme in origin wlule the hulk of the L F were of soil type Of the 581 L F 
isolated fioro spec miens of calf-dung neaiU 70 per tent were of liiunan and home 
origin, while a small jHucentage of 30 pioird to he of soil type Of the L F ho® 
human fmcos that wore of animal {human and boiino) origin, 77 per cent were 
agglutinated by the buman type scium and the rest by tl'C bonne type It v,as 
thus found that m fteccN thcie was a pi epondernnee of the lumian type, to the extent 
of about 31 times the numboi of bovine species Of those orgnrusms niarhcd out 
as of ammal (human and hoi me) oiigin fiom the specimens of caF-dung, 92/peJ' 
cent wmiked out as bonne type, thus pncpondcratiug to the extent of about 
13^ times the buman typo Ihe finding of lumian or bonne types of lactose 
fermenteis m high pioportions in the coiicspondmg specimens form vaiuaoe 
evidence m support of the seiological classification 

Next, 102 specimens of earth woic collected fioiu difierent soils and their 
bacterial flora wxis studied Definite weiglicd quantities of specimens of sod weic 
put m !MacCoukcy broth and loops fiom the fermented tubes were plated on ^ 
salt-lactose-agai plates Red colonies iveie picked out and tested m lactose sugar 
media The L F thus identified weie tested against two types of sera as es 
cribed m the pievious experiment It is interesting to note that many samp 
of earth did not yucld L F In Appendix IV are recorded agglutination 
of 374: lactose fermenter^ isolated from several samples of sods, 97 per cent of tiem 
could not be agglutinated by'' the buman or bovme types of sera and should e a ^ 
specifically as non-animal oi soil tyqie Thus in sods there was a prepon era 
of the soil type of L F to the extent of 33 times the buman and bovme types lo®' 
these figures we can mfer that most L F not clumped by liuman or bovine types, 
form a separate group which is to be styled as ' soil type ' /„«;«« 

Apphcaitooi of the seiological method to specimens fiom sow ces othei than 
and bovine — In another set of experiments 28 samples of sew’age comprising ^ 
and latrme wasbmgs collected from cess-pools, were exammed bacteiio og 
Small qtmntities of the sewage were moculated into bdesalt-brotb and loops 
the fe^m^^ed broths were plated on MacConlcey agar and 262 lactose 
were isolatedVcben agglutination tests against the two types of sera ar 
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recorded in Appendix IV The findings, as one would expect, are sraular to those 
of human fasces, 37 6 per cent being classified as of human and bovine origin of 
which no less than 91 5 per cent belonged to the ‘ human type ’ Excreta from 
pigeons, rabbits and monkeys were also subjected to similar analysis Table II 
describes the results of serological cla'-sification uuth different strams of lactose 
fermenters obtained fiom specimens of human fa:cps, calf-dung, soils, sewages 
and also the evacuations of rabbits, monkeys and pigeons From the last 3 columns, 
dealmg mth the L F contamed m the evacuations of the last three animals, it is 
mterestuig to note that 96 to 98 per cent of the organisms belong to the so-caUed 
‘ sod type ’ As regards this we must remember that the classifying of organisms as 
being of the soil type is simply the result of a negative reaction to sera against human 
and boiune strams, so here the ‘ soil ’ tj'pe is simply a general group and includes 
organisms derived from sources other than human and bovme IVe should expect 
that the lactose fermenters would fall mto the general imdifferentiated non-human 
non-bovine group which is called the soil group 

From Table II it is seen that lactose fermenters of the human tj^pe were 
present m high ratios m human feces and sewage, L F of bovme type in very 
high ratio m calf -dung and L F of soil type, also in verj high ratio, m sods and 
evacuations of small ammals such as the rabbit, monkey and pigeon 

Application of the new classification of lactose fermenters to water samples — 
The new method of classifying L F was then apphed m assaying the quahty of 
water samples The presence of human types would defimtely mdicate contarmna- 
tion with sewage or human feces Such waters would be hable to contam organ- 
isms of dangerous water-borne diseases such as cholera, dysentery or typhoid 
and should be classified as bad The presence of bovme type m a sample woidd 
pomt to the water havmg had direct contammation with cattle excreta As they 
would be hable to have had access to hitman waslmigs as well on occasions, they 
should be treated as highly suspicious and kept under observation Presence of 
sod types alone should not ehnunate a sample frem bemg potable 

The techmque of analysing a water with a view to adaptmg the results to the 
new classification becomes sunphfied Different quantities of water samples 
are moculated mto bdesalt-broths and meubated at 37'"C At the end of 48 hours 
loopfuls fiom the fermented tubes are smeared out on MacConkey plates and in- 
cubated for a day L F colomes, about 10 to 20 from an unselected area from 
the plate, should then be picked out, cultured, tested agamst the two different types 
of seia and classified mto human, bovine or sod Accordmg to the natiue of the 
organisms present the quahty of water can be determined 

In Appendix V are recorded the results of analysis of 812 water samples which 
were brought m for loutme exammation at the mstitute The findmgs of the 
serological, bacteriological and chemical exanunations are recorded side by side 
foi compaiison For convemence m comparmg, the samples have been classified 
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into good, suspicious aud bad according to tbe more or less accepted standards of 
eacb metliod Yfliicb "we may rouglilv describe as follows — 

In tbe serological method, a sample which contams human types of L F is 
classified as bad, wlule the presence of bonne type mdicates liabdity to pollution, 
and the presence of sodtj^e alone without any L F of ammal type mchcates that 
the water could not be condemned In the bacteriological method the absence 
of L F in quantities below 5 c c and total counts not more than 1,000 per c c are 
chiefly looked for m good potable waters , L F m 1 c c and total coimts of about 
2,000 per c c inchoate that the water is liable to contammation , while the presence 
of L F in quantities of water below 1 c c with a total count of over 2,000, pomt 
to the fact that the water is grossly contammated In the chemical analysis 
ammoniacal mtrogen less than 0 002 part, oxidized nitrogen less than 0 01 part and 
oxygen absorption less than 0 1 part per 100,000 and the absence of mtrites, would 
inchcate good or potable waters If the figures are higher the samples are suspicious 
If in addition nitrites are present, samples should be looked upon as bad or pollnted 
Comparative study of the chemical, bacteriological and sewlogical methods in 
assaying the quality of waters — Of the 812 samples of water analysed at the insti- 
tute specially with this view, 165 were foimd not smtable for comparison as no 
lactose fermenters could be obtamed m about 60 c c of the samples Of the re- 
maming 64:7 samples, in 65 per cent agreement was shown m the results of the serolo- 
gical method with those of either or both of the other methods The results as well 
as the standards described above ate given in Appendix V 

The serological method proved itself of the utmost value as compared with 
the other methods in vogue m the followmg mteresting experiment The experi- 
ment was conducted by Dr J F Kendrick of the Rockefeller Foundation to find 
out if mtestmal parasites such as hookworm and their larva and ova, could pass 
through a certam distance of soil to contaminate water sources He dug out m 
the centre of a field a large pit wherein he dumped fecal rubbish which was kept 
moist throughout the experiment At a distance of 20 feet from the pit radially 
he put up four boreholes Samples of water from each of the four boreholes surround- 
mg the dumping pit contaimng feces were analysed by the institute by the three 
methods, serological, bacteriologicul and chemical, at weekly intervals for a penod 
of 7 months The residts are presented m a tabular form accordmg to the standards 
above described for each of the method On 24 occasions a sample was taken 
from each of the four boreholes By the serological method definite signs of fecal 
pollution were made out in all the boreholes withm a week of startmg of the 
experiment as mdicated by the presence of L F of hiunan type Ho such defimte 
indication could be brought out by the other two methods It is mterestmg to note 
from the table that the defimte sign of human fsecal pollution by the serological 
method was obtamed 4 times m borehole Ho 1, 8 times m Ho 2, 7 times m 
No 3, and thrice m Ho 4 The results are recorded in Appendix VI 



The Sooloifiral (Ua^sifiratmn of Lactose Fomcnlos 


SUMMA^^ 

1 I’hc torm ‘ Bnnllus roh ' oi ‘ Colon fiiouj) ' (^ocs not cApress wtli any definite 
upv; tlio naturp of tlio oreranHin \ irmt nuinbor of organisms fall in tlie group, 
their number'' im rousing \\i(h the numiu'r of tests used As the common and 
(onstunt chuiac teiist i( of tlie oignmsms iv the fermrntation of the sugar lactose, 
tlio term ‘Jjuctoso Keimenters’ (L F) lius been used in the papei to denote the 


group 


2 A munlicr of L F \\lien in s\^nbln^l^ with the pathogenic organisms of 
chseutcry neepnre a high antigenic propert\, and the capacih to gncrisetoan 
agglutinating serum specific in nature The} fall ‘•eiologieall} into a h’pe con- 
venient 1} labelled as luiman 

3 Simdarly a definite number of h F can be isolated fiom calf-clung nhieh 
can cairsc the production of a sjiecific agglutinating scnmi, capable of agglutina- 
ting the homologous bovine t^jie of L F 

4 A ver} large pcicentage of L F are fomul ni soils and errams Minch are 
not clumped by cither of the abo\ e-nicntioned sj^cf ifie sera of human or bo\inc types 
Such organisms are classified into a geneial ttpe called ‘soil’ 

5 By the application of the seiological method to the L F isolated from 
normal specimens of intestinal excreta of men and cattle and from soils, homolo 
gous types of organisms ucre found in liigli ratios m the respective specimens, 
77 per cent wore of luiman type in faeces, 92 per cent were bovine type m cattle aung 
and 97 per cent vcic of soil type m soils The human type preponderates about 
3^ times over the bovine in human faeces, the bovine type preponderates about 
13^ times over the human m cattle diuig and the soil type about 33 times oier 
those of ammal origin m soils 

6 In samples of sew'age the L F are found to be classified by this metho 
more or less in the same way as m human excreta 37 6 per cent are of animal orioin 
of which 91 5 per cent are of human type 

7 In the excreta of small animals such as rabbits, monheys and pigeonsj 
95 to 98 per cent of lactose fermenters fall m the general category sod type 

8 X'he serological classification of L F mto human, bovine and sod typ^ 
can be apphed m assaying the quabty’' of waters more usefully than the 
logical and chemical methods m vogue It has been found that an agre 
existed m 65 per cent of samples between the findings by^ the serological ms 
and those of either or both of the other methods 

9 In an experiment to find out if contamination from dumped 
can be transmitted to sub-sod water through a distance of about 20 feet, 
gical method alone has been useful m demonstratmg the presence of B F o 
type withm a week whde the otlier methods faded to prove defimtely le 
rmssion of faecal contammation 
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iVpPENBIX I 


Thirty possible combinations into which lactose fermenters group by 
biochemical reactions on six impoitant sugars 
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Appendix II. 

Classification of L F present in faces, calf-diifig, soil and in exacta of mhhit, monkey and pvjcon accordwy to their 

predominating numbers as pei classification of Table 1 
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Appendix III 


List of selected tyjjes of L F from each of the predominant groups found in 
human fccccs and calf-dung of Table II, that are used in the specific 
antigens in the prepai alien of high litre sera 


Senal number 

Source 

o 

CK) 

O 

o 

c3 

Saccharose 

0 

1 
"d 

G 

1 

l-H 

Adomto 

RafSnose 

Group 

Names as per classification 
of MacConkey 

1 

Bovme 

+ 

1 



^^B 

+ 

26 

B cob commums 

2 

* 

+ 

4- 

+ 

- 


a. 

23 

B neapolilanuB 

a 

t 

+ 

B 


- 


4" 

6 

? 

4 

f 

+ 

B 


- 


- 

1 

B vesicnloms 

5 


+ 

B 

+ 

— 

^9 

- 

3 

B schceffen 

6 


+ 

B 

- 

- 

^9 

+ 

19 

B 110 

7 


+ 

1 

+ 


+ 

+ 

25 

B 33 

1 
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23 
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6 
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Appendix V 

Gompaiative slatevienl of results of analysts of uater samples hy the three 
methods (1) bactenological, (2) chemical, and (3) serological 
classification of L F 


Recognized standards used in the three methods for the quality of waters 


Quahtj of 
waters 

Bacteriological method 

1 

Chemical method 

Serological 

method 

Good or potable 
waters 

1 

Total count less than 1,000 
Presence of L F in 6 c c 
and upwards 

Presence of NHj in 0 001 
parts Nitrates in 0 01 
Oxygen absorption in 0 1 
parts 

Absence of human 
or bovine L F 

Suspicious 

Total counts of 2,000 to 
6,000 Presence of L F in 
Ice and upwards 

Presence of NH^ in 0 002 
parts Nitrates m 0 02 
to 0 06 Oxygen absorp 
tion 0 2 to 0 6 parts 

Presence of bovine 
L F’ only 

Bad or unfit for 
consumption 

Total count of 6,000 to 
countless Presence of L 
t in 0 01 or 0 1 0 c and 
pwards 

Presence of NH, m 0 005 
to 0 01 Nitrates in 0 06 
to 0 1 Oxygen absorp 
tion 0 6 to 1 Presence 
of free mtrosen as mtntes 
in traces 

Presence of human 
L F 


1 Total water samples analysed 812 

2 Samples unsmtable for comparison due to absence of L F in 60 c c 166 

3 Samples in which all the figures of the 3 methods are available for comparison 647 

4 Samples in which there is agreement oh all the three methods 168 

6 Samples m which there is agreement between serological and bacteriological 126 

6 Samples in which agreement exists in serological and chemical 126 

7 Total samples in which serological method agrees with either chemical or 

bactenologieal or both 4]^g 

8 Percentage of samples m which agreement exists between serological and one 

or both of the other methods 05 

9 Table showing classification of water samples according to their quality jis 

indicated by the difierant methods 


Nature of method 

I Good 

Percentage 

Suspicious 

Bad 

Total 

Percentage 

Grand total 
of samples 

Serological 

329 

60 

166 

163 

329 

60 

66S 

Chemical 

289 

60 8 ] 

167 

122 

279 

49 2 

668 

Bactenologieal 

369 

66 

168 

121 

289 

44 

668 
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STUDIES ON INDIAN SIMULIID^ 


Part IV*. 


DESCRIPTIONS OF TWO NEW SPECIES FROM NORTH-EAST 
INDIA SIMULIUM HOWLETTI SP N AND SIMULWM 
HIETIPANNVS SP N , 'WITH A NOTE ON 
S ORiMATUM MEIGEN 


BY 

I M PURI, M sc (Punjab), ph n (Cantab ), p b s , 
In-Gharge, Inquiry on Indian Simuliidce, Gulicoides and other 
Blood-SucJcing Midges 

{From the Gentral Research Institute, Kasauli ) 


[Received for publication, Mav 26, 1932 ] 

The species dealt with m this paper belong to the sub-genus with 

the basal section of radius bare, front tarsi flattened, tergites of abdominal seg- 
ments 6-8 large and shimng and the claws of the female with a small sub-basal 
tooth They also belong to the same separate group as all those species described 
previously in Parts I to III of this study, bemg characterized by havmg a large 
conspicuous silvery white spot on the anterior surface of fore tibise 


Simulium (Simuliom) howletti sf n 

FEMALE 

Bead dark grey, with fine golden hairs on the occiput, present though scanty 
on the face and a few on the frons along its lateral borders Frons dull dark grey, 
appearmg somewhat shimng in certain hghts, comparatively small in size, about 
as high as its greatest width at the top, nearly paraUel-sided, only very httle 


* In Parts I to HI of this study, wherever the 8th abdominal stermte of the female has been 
described, the antenor border has wrongly been mentioned as the postenor and vice versa 

( 505 ) 
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nnrrowocl iii (Ik* roi'ion of (ho niilonnrt* Fnro fliistcd with nsh grey Antennse 
l)lo^\nl‘'ll bl'uK on (ho (wo ha'^nl scgindU^, (he rest nenrly blade,* ^wth very 
fine jiah* pube‘’tonc(' l’alj)i l)ln(K, (lie \nrious segments of the usual 
proportions 

Thorao — I\Iesonolnni to\eiccl with \(i\ fine golden pubescence, partly rubbed 
ofl in (he type spicinien integument dull A\ lien Mcwcd from m front 
(Plate XV, fig ]) it shows a fairly wide bhuk anterior and lateral border endwg 
a little in front of the wing, (he foinier broken in the middle, a pair of large 
somewhat icctaiigular sih ci \ white lateial spots gradiinlh fading away posteriorh 
about the legion of the wing-bases, and sejiaratcd in the middle hy' an olive black 
stripe modciatcly broad, bcginnmt; fioni the anterioi end and gradually wideumg 
out posteiiorh, the siheiy giey spots extending forwards along the edge of 
the oh\e black stupe and to some extent also along the anterior border of 
the mcsoiiotum t The olu o black stupe shows three faint \crv narrow ash 
gicy lines, one median and two lateial running along its edge, the rest of the 
mesonotum appeals gicenish black As usual when viewed from behind the 
black and grey colours aic ic\ersed The black border becomes silvery grey 
and silvery'’ spots change to Mack while tlic rest of the mcsonotiira becomes 
pale grey' Scutelhmi brownish black co\crcd witli coarse golden pubescence 
(rubbed ofi in the ty'pe) and a fiiiige of long black liairs Pleiirse dark slate wit 
ash grey' reflections, membianous area bare 

Ahd<f)ne}i bio'wiiish black, tlic basal scale biownish W'lth the long bans 
golden, the dorsum of segment 2 with tlic usual grey'ish sheen Tergites of seg 
ments 3-5 small, louuded, dull, those of segments 6-8 very large, shining 
sparsely covered watli fine golden liaiis Tcitmtinha (Plate XV, fig 2) sonaew 
resemble those of gnstefiovs The posterioi half of the vcntial surface of segmen 
7 is uniformly coveied W'lth a large mimbei of comparatively' short macro 
Stermte of segment 8 fairly' laige, somew'liat nariow'ed laterally, anterior oi^e^ 
rounded, w'lth a number of faiily long macrosetre on the lateial portions, 
middle one-third bare Anterior gonopo 2 ihy'ses fairly large, covered prac 
over with micio- and maciosetae, their internal border slightly' curved, m 
and produced slightly inwards near then posteiior end Paraprocts large, stxon 
chitmized, cerci comparatively long , u 

Legs — Fore coxae and trochanters yellowish biowm, the former sio 
pale grey dusting m ceitain lights and the latter are dark giey distally , femora 

* The colour of the antenna does not seem to bo a constant character m this 
type specimen in whicli only the basal poifion of antenme are present the two basa 
the base of segment 3 are yellowish brou n and the rest (as much of it os is present) is a 

t In some paratype specimens the lateral spots extend much more along the and JS 

in the type specimen so that the black horizontal stnpe lies a httle behind the antenor 
crescent shaped 
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brown witb a somewhat pale base , tibia3 pale yellow with a dark brown base and 
distal one-foirrtb nearly black, the anterior surface with a large silvery white spot 
and the posterioi border brownish , tarsi black, moderately flattened, the first 
segment about 6 times as long as its greatest width at the distal end Middle and 
lund coxse brownish black , trochanters and femora dark brown, the latter yellow- 
ish basally and nearly black near the tip Middle tibiae pale yellow with whitish 
sheen on the posterior surface, the distal one-fourth nearly black , basal half of 
the first tarsal segment yellowish, the rest of tarsi black Hind tibiae browmsh 
yellow on the basal two-thirds, distally becoming brown to nearly black on the 
distal one-fourth, with a whitish sheen on the posterior surface of the basal three- 
fourths , first tarsal segment pale yellow gradually becoming black on about the 
distal half and with its anterior border black, basal half of segment 2 yellowish, 
the rest of tarsi black Except the black portions, the legs have a fine golden 
pubescence Pedisulcus and calcipala well marked All claws with a small 
sub-basal tooth 

Wing — ^Normal, hyaline, radius bare as far as the fork, radial sectoi a concave 
vein Wing length 4 2 mm The average length of wings of five specimens 
4 0 mm Hal teres orange 

The ventral surface of the buccal cavitv bears a large cluster of minute 
nodules at its distal end 


MALE 

Head black, with a fringe of short black hairs on the occiput Face 
with ash grey reflections, and sparse black hairs along its lateral borders 
Antennae black with very fine pale pubescence, basal segment browmsh black 
Palpi black 

Thorax — ^Mesonotum velvet black, covered fairly densely with a coarse pale 
golden pubescence — ^mostly rubbed off m the type In the fore corners is a pair 
of large silvery grey spots, narrowly or broadly separated from each other in the 
middle, like those found in S ornatum Meigen, only about half of each of these 
spots reflects light at one time (In one paiatype specimen even the portion 
between the two spots appears silvery grey ) In certam lights the lateral and 
hind borders of mesonotum are also silvery grey Scutellum brownish black, 
covered with coarse golden pubescence^ and a fringe of long black hairs 
Pleuice slate black or brownish black, with ash grey reflections, membranous 
area bare 

Abdomen velvet black, with scattered fine golden bans dorsally and clusters 
of long and somewhat paler hairs laterally, long hairs on basal scale browmsh 


Partly rubbed off m the type 
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poldon, scjjmoiUs 2 nud 5-7 witli the \»bun1 si!\cry grey spots Gemtal armaluu 
(Plate XV, fig 3) Coxites arc somewlmt broader than their length. Stylesappear 
inassne and comparative!} xei} broad They liavc a characteristic shape (Plate 
XV, fig *1), to ^orm extent lescmblmg that in iS harraiuh They are of a more 
or loss uniform width up to about the middle m which region they broaden oat, the 
outci border being produced upwards as a broadly rounded projection Beyond 
this the) arc slightly narrowed again and have a uniform breadth up to the 
tip Their length is nearl) three and a half times as long ns their breadth near 
their proximal end Near the base, their dorso-internal surface is produced 
into a small protubciance bearing a clustci of strong set® The usual small 
subtcrmmal spine is placed compaintn el) further away from the distal end 
of the st^lcs The inter-coxal piece (Plate XVI, fig 5) has a moderately 
broad base from which a flattened Jvcel-like process, whose surface is raised 
into two rows of rounded teeth-lihc protuberances along its lateral borders, 
IS produced downwards It is continued forwards as a somewhat smooth 
and thinly cbitinixcd plate witli its lateral edges broken up mto strong 
backw'ardly directed spines which arc also present on the dorso-anterior surface 
of the kecl-liko process The clusters of spines in the region of the genital opeumg 


are comparatively small 

Legs — Foie coxcc brown, the others brownish black, all trochanters and femora 
dark brown, the lateral nearly black distalh Foie tibi® pale yellow, dark brown 
basally and along its posterioi bolder, the distal one-fifth black, the outer surface 
with a large silvery wdiite spot , tarsi black, somcw'hat flattened, first segment 
nearly six tunes as long as its giea test W'ldth near its distal end Middle tibi® 
yellow on the basal one-tliird, gradually becoming dark brown distally with t e 
tip nearly black and the posteiior surface wnth a w’hitish sheen on the asa 
one-third or so , basal onc-third of the first tarsal segment yellowish browm, 
of tarsi black Hmd tibiaa brownish yellow' basally, gradually becoming ar' 
brown on the distal two-thirds to nearly black at the tip, the posterior surface o 
basal one-third with a whitish sheen , basal half of the first and the base o 
second tarsal segments brownish yellow, the rest of tarsi black Basitarsus o 
hmd leg (Plate XVI, fig 6) somewhat enlarged Its length is 0 8 of that o 
hind tibiee and its greatest width (a little proximal to its distal end) is re ^ 
more than that of the tibia being 0 27 of its own length while that of the i 

IS only 0 24 All legs bear a fine golden pubescence more marked on ye owi 


parts than on others 

W^ng same as m female 


Wing length 


about 4 1 mm , average about the 


same as in female Halteres brown a f on 

Described from 5 females and 3 males most of them m a damaged con 
All these specimens form part of the collection of Simuhid® recei'v® 

Imperial Entomologist at the Imperial Institute for Agriculture, usa 



I M Pw i 


609 


India), and were collected by thelate Mr F M Hewlett, from ‘ Nebty Bridge,* 
Pusa, Beliar, 27-5r-07 ’ 

Types for the present m my own collection 

I have gieat pleasure m naming this species after the late Mr F M Hewlett, 
Imperial Pathological Entomologist, who collected these specimens 


Simulium (Simuhum) hirtipannus sp N 

FEMALE 

Head black with short black hairs on the occiput, a few present on the face 
and also along the lateral borders of the frons Frons black, markedly shming, 
comparatively very wide, nearly half the width of the head, somewhat parallel- 
sided, very little narrowed in the region of the antennae, about as long as broad 
near the top Face also comparatively broad, dull, dusted with ash grey f 
Antennae with the scape, one basal flagellar segment and the base of the second 
flagellar segment browmsh vellow, the rest of the antenna nearly black, with 
pale white pubescence Palpi nearly black 

Thorax — Mesonotum black, markedly shining with a slight metallic tinge, 
appears slightly dusted with pale grey m certain lights, sparsely covered with very 
fine short hairs, mostly rubbed ofi in the type but present in the paratype specimens 
Scutellum black with black marginal hairs, a few present also on the prescutellar 
area Pleuise dull slate black, membranous area bare 

Abdomen black, practically bare, frmge of hairs on the basal scale fairly 
short, somewhat golden black Second tergite with the usual greyish reflections, 
tergites of segments 6-8 very large, black and shimng, those of 6 and 7 bare, while 
that of 8th with a few black fairly long set® laterally Terminalia (Plate XVI, 
fig 7) The ventral surface of segment 7 bears on its median one-third a patch 
of fairly long and thick black setee which split into 3-6 branches a little above 
their base (Plate XYI, fig 8) External to this patch the macroset® are scattered 
and simple A few split set® may also be present in a similar position on segment 
6 Stermte of segment 8 is broad with comparatively short narrowed and some- 
what rounded lateral ends and bears a few fairly long macroset® postero-laterally 
The rest of the stermte is bare, except for a few short macroset® present along the 
posterior border Anterior gonopophyses widely separated, then mterno-posterior 
end broadly lounded and their inner border not thickened Each bears a more 

* The label on each of these specimens shows the name of the locality as ‘ Kethj Bridge ’ but 
in a recent commumcation to me by the Imperial Entomologist he says “ There is no place near about 
Pusa known as ‘ Nethy Bridge ’ but there is one called ‘ Kekty Bridge ’ which is about a mile to the 
north east of Pusa ” In view of this defimte communication the change fiom Nethy Bridge to Kekty 
Bridge has been made The former maj be the name which was in use for the same locahtj in 1907, 
when the late Mr Hewlett collected these specimens 
t Cf jS niUdithorax 
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(ir lo'^s hori/onfiil row of fniih 'ifron'' nmrrosolro nbont its middle, the anterior 
part ro\ei('d with ini(toseta> while the posteiior, which from its colour appears 
more stiongU diitmi/ed, i^ hnie J’arajirorts are thinl} chitini 7 od and poorlj 
develojiecl, and tin <er<i too are eompainti\ el} small 

/vfi/s— Fore foMe and trodianfeis }dlow, tlie latter dark distally ; femora 
blackish ^dIow. gradnalh be<ornin»' dark in the distal lialf to ncarh black at the 
tip , tihne pale \dlow with a hir^e siher} wliitc spot on the outer surface and with 
neail} hlatk base aiul distal end , tarn hhick, flattened, first segment only about 
4 times as long as its gieatest width near the distal end Segments 1-3 with the 
usual pair of long hlaek hairs snb-npicalh on tlicii posterior border Middle and 
hind coxni tiodinnters and fcmoia blade, the lattoi two sliglitl} }ellowishbasally, 
tibioi also lilnclc, ^cIlowlsh near the base, the basal half witli a silvery sheen on the 
posterior sui face liasal tlirce-foinths of the first and bn&al half of the second tarsal 
segments of middle and Jiind legs and the base of the third segment of the middle 
legs yellow, tlio icst of taisi black Calcipala well marked, extending up to 
the pcdisulcns wliicli is well defined All daws witli a small sub-basal tooth 
Fore femoia and tlic }clIow parts of the logs with fine golden pubescence 

— Nonna!, In aline , radius bare up to the fork, radial sector a concare 
vein Wing length about 2 d mm Halter cs yellow 

The ventral wall of the buccal cavity at its posterior end is produced into the 
pharynx as a small triangular piece the clistal half of which is covered with minute 
spinous processes, a few nodules arc also picseiit on each side a little external to 
the triangular piece Fuica and sprermatheca of tlie usual form and colour 

MALE 

ifead black w'lth a fringe of slioit black hairs on the occiput Face dusted 
‘with whitish grey, wnth scanty black liaiis Anteunfc nearly black, covere wi 
a very fine pale puhescence 

Thmax — Mesonotum velvet black, spmiscly covered with very fine copper^ 
coloured pubescence In front aie a pan of large elongated shimmering 
spots which are seen complete and extend piosteiinrly as a broad silvery a ^ 
border up to a little in front of the wmg-bases In certain lights the 
fourth of the mesonotum is also grey witli a metallic sheen and is shining 
tellum velvet black with black marginal hairs Plenrm black wuth a greyis s 
membranous area bare p 

Abdomeyi velvet black with scattered very fine dark pubescence , lug 
long hairs on the basal scale black , segments 2 and 5^-7 with the usual si 
Gemtal armatwe (Plate XVI, fig 9) Coxites about as long as the} 

The styles are moderately long (about three times as long as their greates 
They are practically of iimform width m the basal region, broadening o 
slightly about a third of their length from the base, posterior to t is 
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comparatn cly mncli narrowed and umformlv broad up to the rounded distal end 
On the interno-dorsal surface of the legion of their greatest width each of them 
bears a number of close-set, short setae directed inwards The inter-coxal piece 
(Plate XVI, fig 10) has a broad base with rather stout lateral limbs From 
the base a fairly broad process of uniform width projects downwards and curves 
a little forwards This process has a somewhat truncated distal end and bears on 
its flattened posterior and ventral surface two lateral rows of three or four 
fairly strongly chitinized teeth, while a number of short setaa are present on its 
doisal and anterior surface 

— ^Pore coxas blackish yellow , trochanters and femora yellowish black, 
distal halves nearly black , tibiae black with a large silvery white spot on the outer 
surface , tarsi black, considerably flattened, the first segment only a little more than 
four times as long as its greatest width near the distal end Middle and lund coxae, 
trochanters, femora and tibiai black Basal two-thirds of the first, the basal half 
of the second and the base of the third tarsal segments of the middle leg greyish 
yellow the rest of the middle tarsus nearly black Basal two-thirds of the first and 
the basal half of the second hind tarsal segments diffusedly yellow, the rest of the 
tarsi black The hind basitarsus not conspicuously enlarged (Plate XVI, fig 11), 
its length being 0 7 of that of the hind tibias and its greatest breadth about 0 6 of 
that of the latter and only about one-fourth its own length It is nearly parallel- 
sided Fore femora and the pale paits of legs with fine golden pubescence 

'W%ng length and halteres as in female 

PUPA 

Size about 2 5X09 mm 

The integument of the head and thorax brown, practically free from disc-like 
tubercles, a few comparativelv minute ones bemg present scattered about on the 
posterior one-third or so of mesonotum The head and thorax bear the usual 
number of trichomes w^hich are moderately long and simple In one specimen 
instead of four pairs of trichomes on the dorsal surface of the thorax, there are five 
pairs, a comparatively slender pair bemg placed a little behmd the two sub-median 
pairs ‘Hooks and rows of cutioular spines on the abdomen are as m himalayense 
(Pun, 1932) except that there is no strongly chitmized sensory hau or spme on the 
ventral surface of segment 4 and there is no row of spines on the dorsal surface of 
segment 9 The pair of subterminal spines is absent 

Respiiatoi-y filaments (Plate XVI, fig 12) about 1 2 mm long (nearly half the 
length of the pupa), light grey, 6 on each side, arranged in three pairs, very much 
resembling those of rufibasis (Pun, 1932e) The upper and the lower pairs of 
filaments have a short stalk while the middle one arises duectly from what appears 
as the stalk of the upper pair The uppermost filament is directed upwards and 
a little forwards and after a short course bends downwards more or less at right 
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spi'CK''^ lia-^ iiol l)C('n rc(onlffI ‘.o far from Irulia, at least ai (lie Oriental rrinon 
Caniianoie from wlicu' tlio tvo ‘>jat imons of S nrxnhim are siippo'^ed toliavebcen 
collected, is situated on the "Malahir C’on‘'t (South India) and lies in the Cejloncse 
suh-ie;zion. luiMiifi \ hot and humid ilimate, (iiiite difieront from that found 
ainwheieiri the Palaaintif reuiori 

Considering all this it semns prohahle that the t\\o specimens lia\ e somehoiv 
been wioiieU labelled and \\ere oiiemalK follected from some localitj m Europe 
and wore sent to the Musoiim at Piisa from Cannanoio 


S^r^!MAlt^ 


1 Alale and female of S ImnUlti sp n, one of the largest Indian species, 
]la^o been described in detail 

2 !Malc, female and jmpa of 8 lnrlipnnmi<i sp n , one of the smallest Indian 
spiccics, closch resembling 8 mtuhthorax Pun and 8 irrulcscens cle Meijere, have 
been described 

3 Both the species belong to the subgemis 8'imvh'iivi with the basal section 
of radius baic, fore tarsi with a largo siKor} white spot on the outside, claws of 
female with a small snb-basal tooth and teigites of abdominal segments t-8 
female) sliming 


DC MciJEnE, J C M (1013) 
Pcmi, I M (1932) 

Idem (1932c7) 

Idem (1932i) 
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/Vote.— IN PARTS I TO HI OF THIS STUDY, WHEREVER THE STH 

STERNITE OF THE FEMALE HAS BEEN DESCRIBED, THE -jp 

BORDER HAS WRONGLY BEEN MENTIONED AS THE POSTERIOR aiN 
VICE VERSA 


Explanation op Plate XV 


Fig 1 




Simuhtm howletti sp n 

Dorsal surface of the head and thorax of the type female showiDo 
mesothoracic ornamentation, as seen from an fiont 
Ventral view of terminaha of a paratype female , 

Ventral view of genital armature of the type male specimen Le t s y 
shown 

Externo-ventral view of the left style 

(A — Scale for Figures 2, 3 and 4 ) 


4 . 
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STUDIES ON INDIAN SBIULIID^ 

Part V. 

SPECIES AND VAEIETIES OF THE STRIATUM SEEIES 

BY 

I M PURI, M sc (Punjab), ph d (Cantab ), p E s , 

In-Gliarge, Inquiry on the Indian SimuhidcE, Culteoides and other 
Blood-Suching Midges 

{Fiom the Central Reseaich Institute, Kasauli ) 

[Received for pubbcation, July 11, 1932 ] 

The species and varieties dealt with m this paper belong to the subgenus 
Simuliuni, having fore tarsi flattened and the tergites of abdominal segments 6-8 
shming They are all characterized by having striped thorax and simple claws 
in the female and 10 respiratory filaments in the pupal stage, differing from all the 
other species described so far, in Parts I to IV of this study, in havmg an incon- 
spicuous dull grey spot on the outer surface of fore tibiae instead of the bright 
silvery white spot present in the latter species 

A number of striatu’nv-Mk.Q species have already been described from the Orien- 
tal region Brunetti (1911) has described S gnsescens from a smgle male specimen 
collected at Kurseong (Darjeelmg District, Eastern Himalayas), 10-26 ix 1909, 
and S striatum (Brunetti, 1912) female from 6 specimens collected at Perademya, 
Ceylon (vi 1910-vn 1911) , two species S eximium and S argyrocinctum (males 
and females) have been described by de Meijere (1913) from Dutch East Indies and 
Semor-VTiite (1921) has described S latistriatim female from two specimens collec- 
ted at Coonoor (Nilgm Hflls, S India), September 1920 Senior-VTute has also 
described a male as of S striatum Brunetti, from 8 males and 3 females all collected 
at Suduganga, Metale, Ceylon (xii 1919-m 1920), but Dr F W Edwards, after 
examining these specimens, which are now m the British Museum, has written to 
me to say that aU Semor-VTiite’s specimens (males and females) which he had 
identified as S striatum Brunetti belong to the atratum group 
J, MR ( 516 ) 
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Dunn” tho Inst li\r X'nrs or so 1 lm\e Imd occnsion to collect simulidsfrom 
Narious p.Jts of India and lun ( bred nearh 000 specimens (males and females) out 
of isolated piipe l)eloiimim to ^tnolum-hU> spenes A detailed examination of 

tliese spe( linens has shown that the\ belong to six, somewhat distinct, forms, ivluc 

are \er\ ( loseh allied to one another, tlie male as well as the female terminalia 
of all these bnim more or less identical As these forms show a certain amoimtot 
xari.ition in the colour of their legs and in the presence or absence of ^^^^n e 

basal section of the radius in the female, ,t is rather difficult to decide defim dy 

as to whidi of them corresponds to the \arious species, belonging to 
scries, aheadv known from die Oriental region, particular!) because of the so 
what incomplete description of those alread) known Dr Edwards h. ^ 
kindly sent me male specimens of S crmivm de hl^ijere and 
hicijere along with the pupa of the fonner and a parat)TC fema c o 
Senior lute A study of these specimens has conxnnccd me tlia 
j\Ici]crc has not been collected so far from India, while S argyrocme 
accoidiiig to Dr Edwards has also 10 respiratory filaments in the ® ^ 

be a syimnjm of ,S gnscsceus Bninetti, though the species 

male specimen, sent by Di Edwards, is decidedly coarser than in the latte 
After a careful examination of the collection at my disposa , me J 
female of S striatum Brunotti, I have come to the conclusion that b 
latistiiatum arc synonyms The type female of striatum ^^^ne h 
a good condition, has decidedly darker legs than in Various 

large number (about 220) of specimens of this species, collecteci u 

parts of South India, do show a certain amount , „tion for 

their legs, which variations are covered by Brunetti s origina 
stnatum female S gnscscens Brunetti appears to occur Brunetti 

India and is comparatively a much darker species than s ria 
[=latislriatum Senior-White) 

Simulium (Simulium) striatum Brunetti (1912) 

= Simulium latisti latum Senior- White 

EEMALE on 

Head dark grey, with short black hairs on the occiput, a few P^®®® shinmgi 
the face and along the lateral borders of the frons Erons greyis ^ j|;s 

not very broad, its greatest width near the top is only a little ^ith ash 

length, somewhat narrowed in the region of the antennae Eace us ^ getmients 
grey* Antennce In the type female the scape and two basal age 


* Face IS not of the same colour as the frons, as erroneously described by B 
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orange-yellow, tlie rest brownish with very fine pale pubescence In certain lights 
the whole appearing orange-yellow The colour of the antennse, however, does 
not appear to be eonstant, that of the scape and one or two basal flagellar segments 
varies from yellow to orange, while that of the rest from orange to reddish 
brown or nearly black Palpi nearly black, the various segments of usual 
proportions 

Thorax — Mesonotum covered with a fine golden pubescence 'WTien viewed 
from in front the mesonotum is ash grey with a median and two sub-median black 
stripes forming the same type of lyre-shaped pattern as in the lineatum series The 
two sub-median hues are continued along the anterior border and are connected 
to broad stripes runmng along the lateral border The width of the median and 
the two sub-median stripes are somewhat variable but in the majority of specimens 
they are all of about the same width, while the outermost stripes runmng along the 
lateral borders are nearl}’’ twice or more than twice as wide as the former The 
inner edge of the outermost stripe is produced slightly inwards a little behind its 
anterior end* All the five black stripes are connected to one another practically 
in level with the wing bases The colours are as usual reversed when the mesono- 
tum IS viewed from behind Scutelhun dark brown, covered with a golden 
pubescence and having long black marginal hairs Pleurae slate coloured, with 
ash grey reflections, membranous area bare 

Abdomen — The first segment and the basal scale browmsh black, the fringe 
of long hairs dark, somewhat golden, segments 2-5 also brownish black, the second 
with light grey dustmg on dorsum as usual Tergites of segments 6-8 shimng 
black, with a few dark hairs scattered on them Venter somewhat browmsh 
Termtnaha (Plate XVII, fig 1) A pair of small, lightly chitinized, more or less 
semi-circular plates present on the ventral surface of segment 7 Hairs (macrosetae) 
on the ventral surface of this segment short and simple, somewhat scattered though 
those on the semi-circular chitini/ations uniformly arranged and placed compara- 
tively closer than on the rest of the segment (Plate XVII, fig 2) Stermte of 
segment 8 moderately wide, anterior edge broadly curved, posterior with a deep 
somewhat rectangular notch m the middle, fairly strong macrosetae on the postero- 
lateral portions, those on each side of the notch very short, the region anterior to 
the notch bare Anterior gonopophyses of moderate si'ze, placed in the notch, 
bearing a laige number of macrosetae, posterior region with microsetse only, interno- 
lateral border not strongly chitinized, posteiior rounded Paraprocts rather 
large, moderately chitimzed , cerci comparatively small 

Legs -—Fore coxie yellow, posterior ones browmsh black AH trochanters 
yellow, the posterior ones may be somewhat browmsh yellow 'In the various 


♦ It 18 present oven m the paratype specimen of latistriatum sent by Dr Edwards 
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mu'iis tlu' f('morn, ('‘«pociiill\ of the posterior pairs of legs, vary in colour from 
)ello\\ to hrowiu^^h jellow’^ , ^\llen the latter, the) arc broi\nto\\ards the distal end 
in some ''pec imens Fore i ilme } i Ilou isli l)^o^\ n at the base, gradually changing to 
(lark blown on the distal half to two-thirds, the outer surface with mconspicuoTib 
gre} dusting , taisi black, inoderatcl} flattened, the first segment a little less than 
o times its uieatest widtli near the distal end Segments one and three with the 
usual jiair of long black hairs sub-lernunall} on thou posterior border Middle 
tibiio ^olIow to brownish \elIow on the basal half, gradually becoming brown to 
dark blown distalh, pmpottions \arinblc in different spccimcnsf, posterior surface 
with a pale white sheen basalh , first tarsal segment pale }cllow' with a black tip, 
second and thud segments pale }elIow basall} the rest of taisi black, the amount 
of \cllow on the ^arlolls t.irsal segments \nriablc m the different specimens 
Basal one-thud to two-thirds (usually the basal half) of hind tibim yellow, 
giacliially becoming dark brown to black distally, posterior surface with a pak 
w’hitisli sheen basallv , basal two-tbirds of the first and half of the second 
tarsal seements pale yellow, the rest of hind tarsi black Pcdisulcus well 
maikccl , calcip.ila of moderate size, extending up to the formei AH claws 
simple, wMthout a sub-basal tooth All yellow' parts of legs with fine golden 
pubescence 

Wings — Normal, hyaline , radius, as a rule, bare up to the fork (out of lOo 
female specimens examined only four showed 2 to 4 black hairs proximal to the 
fork) , radial sector a simple concave vein Wing length Specunens from co 
places (South Indian Hills) particularly those collected chiiing the winter months 
are comparatively larger than those from the plains, the average wmg-length o 
twelve specimens from Coonoor, Kodikanal and Peermade is 2 65 mm , while of ten 
specimens, out of those collected from Savantvadi Ghat Eoad and Prazeipet 
(Mercara) it is only 2 18 mm The wing-length in the paratype specimen o 
latistnatum, collected at Coonoor in September is 2 17 mm , while that m e 
type of stiiatum from Ceylon it is only about 2 0 mm Halteies pale lemon 
yellow , 

Posterior end of buccal cavity with a few rounded protuberances on the 
surface, the posterior border slightly thickened into a run and produced into 
pharyngeal cavity as a small rounded projection with more or less smooth wa s 
Furca and spermatheca of the usual forili 


MALE ^ 

Head black, with a fringe of short black hairs on the occiput Face 
with ash grey, with sparse black hairs along its borders Antennae nearly 


* All femora brownish yellow m the paratype lahslnatum Senior White sent to me by Dr ^ . 

t In the paratype specimen of lattslnahim the middle tibias aie bronnish yellow t roug 
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but in a number of paratype specimens, the scape and basal half of one or two basal 
flagellar segments reddish brown, the rest nearly black, the whole with very fine 
pale pubescence Palpi black 

Tlioiax — ^l\Iesonotum velvet black covered umformly with fine copper-coloured 
pubescence, that along the lateral borders golden and comparatively coarser than 
that on the top In the fore corners are a pair of large shimmering silvery white 
spots, narrowly or broadly separated in the middle Ime, about half of those spots, 
only reflects light at one time In certain lights the mesonotum shows a broad 
ash giey border laterally and light grey posteriorly Scutellum velvet black 
anteriorly, covered with rather coarse copper-coloured pubescence and has a 
frmge of long black hairs Pleurae slate grey, membranous area bare 

Abdomen velvet black, with sparse fine coppery pubescence dorsally and the 
usual silvery spots on segments 2 and 5-7 Long hairs on the basal scale somewhat 
golden black Gemtal armature (Plate XVII, fig 3) The coxites are short, 
much broader than they are long and bear a comparatively large number of 
macrosetffi scattered on them The styles are comparatively small They 
gradually narrow down behind their widest portion near the base and are of umform 
width in the distal half Their length is a little more than three times their 
greatest width near the base and about five tunes their width about the middle 
From their dorso-mternal surface each sends a small triangular process directed 
inwards and a little forwards, bearing small teeth on its anterior free surface 
Each style bears a single short sub-termmal spine on its innei edge The inter- 
coxal piece (Plate XVII, fig 4) is somewhat saddle-shaped It has a rather broad 
base which is contmued downwards and a little forwards as a short process 
narrowing down suddenly to a more or less rounded distal end This process may 
be flattened, tongue-hke or it may be cone-shaped distaUy, depending upon its 
being collapsed or distended respectivelv The ventral surface of the inter-coxal 
piece bears a large number of [minute setae arranged in irregular rows The 
spines forming the groups on each side of the genital opemng are comparatively 
large 

Legs —Fore coxae, trochanters and femora greyish yellow, the last somewhat 
dark grey near the distal end , tibiae nearly black with yellowish black bases, the 
outer surface with a slight pale greyish sheen , tarsi black, moderately expanded, 
segment 1 a httle more than five tunes its greatest width near its distal end Middle 
coxae black , trochanters and femora greyish yellow, dark grey near the tip , tibise 
yellowish grey on the basal one-fourth to one-thu’d, gradually beconung brownish 
black distally, the posterior surface with a pale ash grey sheen basally , basal half 
of fiist tarsal segment brownish yellow, the rest of tarsi nearly black Hmd coxce 
black , trochanters yellowish grey , femora yellowish grey on the basal one-third 
gradually becommg darker distally to dark grey (nearly black) on the distal one- 
third , tibufi black, with a somewhat yellowish base , the basal half of the first and 
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second (ar^Jnl sc|xtn<'n(‘^ pnlf }cllow, the rest of hind tnrsi hlnch The hind basi 
(iirsiis (Plate XVII, fip w) m nioderatcl) enlarged It is about three-fourths the 
longlli of the liind Idnie (0 75 of tlie length of tlie latter) and proportionate]) of 
about the sniiio uidth, its greatest width about its middle being 0 27 of its length 
(while tlie greatest width of the tibia* is 0 2G of its own length) The yellowsh 
parts of the legs bear golden pubescence 

IPiaps — As ill female, radius nlwa\ s bare up to the forJe V ing length in the 
t}pc bpecimcn from Cooiioor is 2 G mm , the n^e^ngc length varying as in the 
female llnltcros pale } ellow ^ ars mg m colour in the \ nrioiis paratype specunens 
from > ellow to orange yellow 

Male described from 15 paraUpc specimens bred along with a munber of 
females, out of isolated pupae, collected from Coonoor (2G-31 xn 1927) About 
100 males and 100 females of this species also bred out of isolated pupee bom 
various places in South India Type male in m} own collection 


PUPA 

Size of pupic fiom Coonoor and Kodikanal about 2 8x10 mm , while of 
those from w'nrmer localities it is comparatively smaller 

The integument of the head and thorax brownish, covered with conipam’ 
tivcly large disc-hkc tubercles Tiie head beais the usual three pairs of trichomes 
any of which may he bifid Unlike most of the other species dealt with already 
m Parts I to IV of this study, the thorax bears 5 instead of 4 pairs of trichomes 
w^hich are moderately long and split into 2-4 branches a little above then base 
The cuticular hooks on the dorsal as W'cll as the vential surface of the abdomen 
and the pair of sub-terminal spines are as m Inmahyense (Pun, 1932), except that 
there is no strongly chitinized sensory hair or hook on the ventral surface o 
segment 4 Dorsally there is a row (broken up in the middle) of backwardly 
directed short cuticular spines on segment 8 only, a few may, however, be present 
also on segment 9 

Respiratoty filaments (Kate XVII, fig 6) are a little less than half the length 
of the pupa, their length being about 1 2 mm , 10 on each side, the upper fi'V’e 
much shorter than the lower There is an upper pair with a short stalk, ven r 
to which are two sets of three filaments, an inner and an outer set, and below e 
another pair with a very short stalk Bach of the sets of three is composed o 
stalked pair with a third filament arising ventrally, practically from the 
the stalk All the filaments spread out somewhat fan-Iike, the uppermost an t ® 
lowermost filaments running practically m Ime with each other, the former oirec 
upwards while the latter downwards The siiiface of the filaments is rais 
into ridges which form a recticular pattern, the ridges covered with large tu ler 
while the interspaces with very minute ones 
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Cocoon (Plate XVII, fig 7) fiom Coonoor about 3 8x13 mm (that m pupEe 
from warmer places comparatively smaller), not covering the pupa completely, its 
length up to the dorsal end of the opening being only about 2 3 mm It is 
brown to dark brown in colour, boot-shaped, its opening directed upwards 
and a little forwards It is loosely woven, comparatively more so near the 
anteiior end where the web shows a pretty pattern with large mterspaces between 
the strands 

DISTRIBUTION 

The female of this species was originally described from specimens collected 
at Peradeniva, Ceylon, and I have bred out large numbers of specimens, both males 
and females, belonging to it from pupae collected from various streams in Coonoor 
(6,000 ft ), Nilgiri Hills, South India, 26-31 xii 1927 (type male) , from small 
streams crossing the Ghat Road between Belgaum and Savantvadi (Bombay 
Presidency), 29 su 1930 , a few from below Sivasamudram Falls, Cauvery River, 
Mysore State, 6 i 1931 , large numbers from the rushmg watei of the Cauvery 
River near Frazerpet (Coorg), 9 i 1931 , from River Sampaj and various small 
streams crossmg the Mangalore-Mercara Road (Coorg), 10 i 1931 , from small 
streams on Munjamalay T E , Vandiperiyar (Peermade Hills), 17 i 1931 , from 
various small streams in Peermade (Peermade Hills, Travancore State), 17-18 i 
1931 , from above Kottalam Falls, Tinnevelly District (Madras Presidency), 
20 1 31 , from streams m Kodikanal (7,000 ft ), Palm Hills (South India), 
2i-25 1 1931 

S lahstnatum Semor-lVhite female, described from Coonoor, appears to be 
a synonym of S stnatum Brunetti and the male specimen described by Semor- 
"White from Suduganga, Ceylon, as that of striatum does not belong to this 
species but to some species belongmg to the atralum group — to which S jiattoni 
Semor-lVhite belongs 

Simulium (Simulium) Imeothorax SP N 

This species closely resembles S stnatum Brunetti, differmg from it mainly 
in the colour of the legs of both males and females and in the male having a striated 
thorax like that in the female 

FEMALE 

Head, thorax and abdomen as m S stnatum, except that the scape and two 
basal flagellar segments of the antennae are dark brown and the rest practically 
black, the whole with a pale pubescence which m certain hghts appears somewhat 
golden In the type specimen the black and grey Imes on the mesothorax are all 
practically of the same width, the black hnes being comparatively broad and the 
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trr('> OIK'S narrow hut in tlip \anouH ])nraU{)p spctnupus tlic relative widthof 
t hps(> liiK's is \ pr} \ ariahlp Tlip slight inw art! ( \( elision of tlie inner border of tk 
outprinosi hlaplv stripe, a little hehiiifl the anterior end, is not as well marked as in 

— Fore (o\ni and troeliantois pale jellow , femora brownish yellow near 
the base, eradiiall} beioming dark towards its distal end, tihiac nearly black, 
slightl} yellow isli near the base, the outer surface with some inconspicuous pale 
grc} dusting , tarsi black, flattened, the first segment a little more than four tunes 
as long as its greatest width neai the distal end jMiddle and hind coxre black, 
trochanters brownish yellow Middle femora nearly black, slightly yellowish 
basally , in some parat ^ pe specimens they arc brow nish throughout , tibue somewhat 
ymllowish on the basal portion gradually becoming daik gicy to nearly black 
on the distal three-fourths, the posterior suiface with a whitish sheen hasall } , 
fiist taisal segment pale y ellow w ith a y ellow ish black tip, second yellowish basally, 
the rest of tarsi black Hind femora and tibuc black, with pale yellowish 
bases, the posterior surface of the latter with some whitish sheen basally, basal 
tw'O-thirds of the first and basal half of the second tarsal segment pale yellow, 
the rest of hind tarsi black All claws simple All legs with sparse, fine, golden 
pubescence 

Wings — Normal, hymlinc, radius bare up to the fork"* Ak mg length about 
2 7 mm Haltercs pale lemon ymllow 


MALE 

Head as m stnalutn male The antennae wuth the scape and the two basal 
flagellar segments somewhat reddish 

Thorax — Mesonotum spaisely covered wuth fine golden pubescence 
viewed from in front it is ash grey wuth black longitudinal stupes arranged the 
same way as in the female but are comparatively’’ narrower In most of the para- 
tyjie males the sub-median black stupes, as in the female, are continued along the 
anterior border as a broad band connected to the stripe running along the latera 
border, but in the type specimen the sub-median stripes are not connected to the 
broad band anteriorly As the specimen is turned forwards the black anterior ban 
in each fore corner changes to a large silvery’’ V/hite spot Colours of the various 
stripes are as usual reversed when viewed .from behind Scutellum browmis^ 
black, covered with rather coarse copper-colou/red pubescence and has a fringe o 
long black hairs Pleurae slate grey, membijanous area bare 
Abdomen (genital armature, etc) as in ^ stiiatum 


* In one out of seven of the para type specimens th ere are two hairs e^ en on the portion of 
proKimal to the fork ) 
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Legs — ^Foie coxa), trochanters and femora greyish yellow, the last somewhat 
dark grey distally , tibiai practically black with a somewhat yellowish black base, 
the outer suifacc with a slight pale grey sheen , tarsi black, moderately expanded, 
first segment about five tunes as long as its greatest width near its distal end 
Middle and hind coxte black , trochanters, femora’’ and tibiae also black with pale 
yellow bases , basal half of the first and the base of the second tarsal segments pale 
yellou , the rest of taisi black The hmd basitarsus as iii S striatum 

Wiug as in sU latum M ing length about 2 5 mm 

PUPA 

(Respiratory filaments as well as cocoon) as in st) latum 

Described from 8 females and 10 males all bred out of isolated pupre collected 
from a large hill stream about 2 miles below Haflong (Raga Hills, Cachar, Assam), 
1 11 32 A single damaged male specimen of this variety was also bred out of a 
pupa collected from a large stream near Mettupalayam at the foot of Rilgiri Hills, 
South India (8 i 28) 

Types m my own collection 

Simulium (Sunulium) grisescens Bkunetti (1911) 

The male of this species uas described by Brunetti (1911) from a single speci- 
men collected at Kurseong (10-26 IX 1909) by Mr Lynch I have since bred 
out a large number of specimens both males and females belonging to this species, 
from pupse collected from various parts of India Is male genital armatures 
are similar in practically all the closely allied forms and thus of no help m 
differentiating this species from others in this gioup, it would not have been 
possible ordinarilv to fix the identity of the species but the daik colour of the logs 
and the size of the hind basitarsus as found in the type male specimen are enough 
to identify it from all other forms found in Northern India Consequently the 
specimens, both males and females dealt with below, undoubtedly belong to 
3 grisescens Brunetti 

This species closelv resembles 3 stiiatum from which it differs mainly in the 
colour of the legs in both the sexes, those of 3 grisescens being much darker than 
in the latter species 

FEMALE 

Head, thorax and abdomen as m B striatum Brunetti In the type specimen 
the scape and two basal flagellar segments of the antenna are browmsh yellow, 
the rest nearly black, the uliole with a fine pale pubescence The colour of the 


* In some paratype specimens the middle femora are comparatively paler than the hind pair 
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18 1 .'il Tiiort' arc tuo fonialc^t •.[jcf itncn*! bclnnpinp to tins species in the Indian 
Miiscmn, (diluted 1)\ l^r 8 Kemj). one innrhed ‘ Hotiing, Abor Expedition, 
21 Ml 11 (llitis) and the otlur ‘Upper Itntung, Abor Expedition, 6 i 12’ 
In the ( ollct tion of the Imperial At;ri( ulture Institute, Pusn, is a single female of 
tins species marked ‘Lower riiim, Lebong, d,.100 ft 2-9 m 1909, F M H’ 

Simulium (Simulium) griscsccns \au palmatum NOV VAR 

The adults, both mah and female of tins \nriety, are identical withtlioseof 
the t\])o species in e\ei\ wa'\ but the diffeiences in the pupal stages of the two 
forms arc so marked and (onstant that I ba\e no hesitation in describing this foim 
as a distinct \ariet\ 1’he jmpeX* of tins Aarict} ba\e so far been collected only 
from parts of jieinnsulai India, very often occurring together with those of 
slnotinn, gurimjcv, paliom and mucolnrlum but extrcmel} rarely with those of 
the type species 

PUPA 

Size about 2 o X 1 0 mm 

Integument of the head and thorax raries fiom light brown to dark brown, 
somewdiat sinning, being almost baie, the disc-like tubercles absent on the head 
and on the anterior three-fouiths of the thorax, a few minute ones present on the 
posterior one-fourth and an irregular row of them also along the mid-dorsal line 
Thoracic tnchomes moderately long, usually’^ simple, may’^ be split into tW'o m 

some specimens Cuticular hooks, rows of spines and the sub-terminal spines as 

in stnatuvi 

Respiratory filaments (Plate XVII, fig 8) are comparative^ short, bemg only 
about 1 0 mm , ten in number, arranged more or less the same way as in stnatiiw, 
but the upper five filaments are only'’ half to one-third the length of the lower five 
and are much dilated in their basal half, spreading out from the main staUc like the 
five fingers of the hand The w'alls of the filaments are comparatively much thm 
ner and the portions of the upper fiA'e filaments beyond the dilated region, do not 
stand out rigid but are usually' collapsed and often broken off, so that at first sig 
the upper five filaments appear only finger-like without any filament-hke c is a 
portion The surface of the filaments is covered with minute tubercles which are 
more or less uniformly' distributed (without any ridges) those on the dilated por 
tions being much more widely separated from one another 

Cocoon IS about 3 2x12 mm not coveiing the pupa completely Golden 
brown in colour, boot-shaped, asm the type species It is closely w'oven, smo 
and shinmg, without any interspaces or windows in the web The anterior 
IS also without any spaces and has a fairly strong more or less umform run, w 
out any ornamentation 
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Described from 130 specimens males and females all bred out of isolated pupee 
collected from various places m Southern India Types (from Savantvadi, 
29 XU 30) in my own collection 

DISTRIBUTION 

Pupal of this variety have been collected m large numbers from the following 
places From streams crossing the Ghat Road between Belgamn and 
Savantvadi (Savantvadi State, Bombay), 29 xii 30 , on rushes m the fast water 
of the Cauvery River near Frazerpet (Coorg), 9 i 31 , from streams crossing the 
Mangalore-Mercara Road (10 to 14 miles below Mercara), 10 i 31 , streams in 
Peermade (Peermade Hills, Travancore), 17-18 i 31, and only two specunens 
each from Pudapadi (Calicut, Malabar), 14 i 31 , and Vandiperiyar (Peermade 
Hills), 17 1 31 


Simulium (Simuhum) consimilis sp N 

This species closely resembles S slnatu'm, the females differing mainly m the 
colour of the legs and the male in the relative size of the basitarsus 

FEMALE 

Head, thorax and abdomen as in stnatwm In the type female the scape and 
two basal flagellar segments are golden yellow, while the rest of the antennae are 
greyish brown The colour of the antennae is, however, variable, that of the scape 
and two basal flagellar segments varying from yellow to reddish brown and that 
of the rest from pale brown to dark brown or nearly black 

Legs — Fore coXae pale yellow, posterior ones nearly black , all trochanters 
yellow Fore femora browmsh yellow, somewhat darker near their distal end , 
tibiae nearly black, slightly yellowish brown basally, the outer surface with some 
inconspicuous pale greyish dusting , tarsi black, moderately flattened, the first seg- 
ment about five tunes as long as its greatest width near the distal end Middle 
femora and tibiae brownish yellow the latter somewhat darker (dark brown) on 
the distal half, the posterior surface with a whitish sheen basally , first tarsal seg- 
ment pale yellow with a dark brown tip, second and third dark brown, the former 
yellow on the basal half, the end tarsi black Hind femora yellow'ish brown 
basally, gradually becoming dark brown to nearly black towards their distal end , 
tibise nearly black, the basal one-fourth pale yellow, the posterior surface with 
some whitish sheen basally Basal two-thirds of the first and basal half of the 
second tarsal segment pale yellow, the rest of the hmd tarsi black All claws 
simple All legs with sparse fine golden pubescence 


* In some specimens they are somewhat darker and the femora may be brown throughout 
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11 — iSormnl, ii\n!nu', nulius m the tj’pc fcmnlo bare up to the fork but 

in a nmnbor of juiratA pe and other ^p( < inn ii's a fe^\ hairs arc present on the portion 
])ro\inial to tlie fork ^\ ing lengtli about 2 57 nim Ilaltcrcs lemon yellow 


I\IALE 

Head, thorax and abilomin* ns in 'itriahnn, the nntcnnrc, however, are dark 
brown with a lilac k tip, the colour \ arsing in the paratspc and other specimens 
from }''llowish brown to reddish brown In some specimens the antenme are 
yellowish blown throughout their length The mesothoracic pubescence is golden 
and comparatn cl} coarsoi than in slriahtm 

Legs — Fore co\tc, trochanters and femora }ellow, the last somewhat greyish 
•\ellow near the distal end , tilmc nearly black, the outer surface with a famt pale 
grcvisl. sheen , tarsi black, moderately’ flattened, the first segment about five times 
as long as its greatest breadth near its distal end hliddle coxae brownish black, 
trochanters and femoraf greyish yellow, the latter dark grey near the distal end, 
tibiao greynsh yellow on tlic basal third or so, gradually’’ becoming dark brown 
clistall}’, the posterior surface with an ash grey’ sheen Imsally’ , first tarsal segment 
pale y'ellow w ith a black tip, second pale y’ellow on basal half, the rest of tarsi black 
Hind coxaj brow’uish black , trochanters pale yellow* , femora bro'wnish black with 
a pale yellow' base , tibiro nearly black, the posterior surface with a whitish sheen 
basally , a little more than the basal half of the first and the basal half of the second 
tarsal segment pale yellow’, the rest of hind tarsi black The basitarsus of the 
hind leg is nearly parallel-sided, very’ little enlarged (Plate XVII, fig 9) Ih 
about three-fourths the length of the hind tibite (0 74 of the length of the latter), 
but its greatest w’ldth about its middle is only’ about two-thirds that of the latter, 
nearly one-fifth its ow'n length (being 0 21 of its length, while that of the latter 

being 0 26 of its own length) The yellowish parts of the legs w’lth fine golden 

pubescence 

Wing as in stnaiuni Wing length 2 4 mm Halteres yellow 
PUPA as in gnsescens , 

Described from 34 males and 36 females all in good condition and bred out o 
isolated pupce 

Types and paratypes (from Chandigarh, Ambala District, Punjab) m my own 
collection 


DISTRIBUTION 

Specimens, both males and females, of this species have been bred ou 
isolated pupae so far collected from the following places A mill stream 

* In some specimens the tip of the mter-coxal piece appears somewhat pointed hut this d 
seem to be constant .rdart 

f In some jiaratype specimens the femora and tihiai are comparatively daiLer both app 
brown, the former a httle hghter than the latter 
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Cliand)"arh Dak Bangalow (Ambala District), 26 x 26 (types) , from River Kuthar 
(October 1927) and Naban stream (August 1929) both near Kasauh , from River 
Ghagar near Pmjaur (Patiala State), 6 iv 30 ,fiom a stieam south of Chhota 
Simla, 5 X 30, and a single specimen from River Leh, near Sohan Bridge, 
Rawalpindi, 10 ix 30 

Simulium (Simuhum) pallidum sp u 

FEJIALE 

Eeai grey with slender somewhat pale golden hairs on the occiput also present 
on the face and a few along the lateral border of the frons Frons dull grey (not 
shining as m the otlier species of this group), not very broad, its greatest width at 
the top IS about half its length, someu hat narrowed in the region of the antennae 
Face dusted with ash giey Antennae leddish dark brown, three basal segments 
somewhat paler The colour of the antennae varies m the various paratype speci- 
mens from yellowish brown to reddish brown or dark brown Palpi brownish 
black, the first two segments somewhat yellowish brown, the various segments of 
the usual proportions 

Thorax — Mesonotum covered with fine pale golden pubescence ^^^len 
viewed from in front the mesonotum appears dull pale giey with a narrow median 
and two somewhat broader more or less greyish black stripes, forming the same 
type of pattern as in stnatum The two sub-median black stripes are continued 
along the anterior border and are connected to a narrow dark stripe riinnmg along 
the lateral border Unlike the stripe along the lateral border m the other species 
of the striatum group that m this one is narrow and inconspicuous So that the 
sub-lateral grey stripes are much broader than the sub-median pair All the 
greyish black stripes are connected to each other m the region of the wing bases 
The colours are as usual reversed when the mesonotum is viewed from behmd 
Scutellum dark brown, covered with a golden pubescence and having long 
pale golden marginal hairs Pleurae with dark grey reflections, membranous 
area bare 

Abdomen — Closely resembles that of S striatum The colour in the type 
female is comparatively lighter but vanes in the different paratype specimens 
The terminalia are as in striatum except that the thinly chitinized semi-circular 
plates as found on the ventral surface of segment 7 are absent and the macrosetae 
on this segment are somewhat uniformly and more or less nidely scattered More- 
oxer, the macrosetse on stermte of segment 8 are comparatively fewer and 
shorter 

Legs —Fore coxae brownish yellow=^, posterior ones nearly black All trochan- 
ters and femora yellow Fore tibiae yellow, with the distal one-sixth or so black 


Yellow m many paratype specimens 
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find tlio oiitor siirfjup itli ;i faint gnnisli sliran , tarsi black, onh slightly flattened, 
tlio first sc^Miifiit bciiH' al)niit si\ f nnrs as long as its greatest yiclth near the distal 
end lliddlf tibia* \<ll(n\. the posti rioi snifaie yitli a yhitish sheen hasally, 
fir->t ’uul s((ond t.-irsal segments pah* \ i How if h somewhat broynish distal ends, 
third ])nle \ello\\ basnll} , the rest of taisi I)!ack Hind tibia; yellow on the basal 
two-tliirds or so gr.idiially befoming lu'arly black distalh , basal three-fourths 
of the first and leas'd half of the* set ond tar'.al seg7ncnt pale yellow, the rest 
of hind taysi bl.uk All claws simple Yellow ])oitions of legs with fine golden 
pubc'scente 

II inc/'c — llMiline, radius always bare np to the fork mg length about 
2 0 mm Ilaltercs pale lemon yellow 

M VLE 

' thorax and ahilovxn as m ‘^Inaltini The pubescence on the thorax 

and the abdomen, liowexcr, is golden and that on the former comparatively 
coarser 

Leg’S — Fore c.o\a; yellow, postciioi ones black All trochanters and femora 
y^ellow* Fore tibiae y'ellow on basal third, giadiially becoming dark brown to 
nearly'’ black on the distal two-thirds, the outer surface wrth an inconspicuous pale 
gieyr sheen , tarsi black, only slightly* flattened, first segment about six tunes as long 
as its greatest width near the distal end hlicldle tibiae ymllow*, posterior surface 
•with some whitish sheen basally'’ , first tai«al segment pale yellow* with the dis a 
one-fifth nearly blaek, basal half of second and the base of the third segment yellovT) 
the rest of tarsi black Hind tibiae yellow on about the basal half, gradua y 
becoming yellowish black to nearly* black distally* , basal two-thirds of the first an 
the basal half of the second taisal segment pale y*cllow*, the rest of hind tarsi blac ' 
Hmd basitarsus xery* little enlarged, nearly* parallel-sided, resembles ° 
S consttnihs Its length is about three-fourths that of the hind tibiae (0 ^ 

its greatest width is only about tw o-thirds of that of the latter and one-fift 
ow*n. length The y*ellow parts of the legs w*ith fine golden pubescence 

Wing as in the female, length about 2 3 mm Halteres lemon yello'W 
PUPA as in giisescens 

Described from 23 males and 54 females all bred out of pupae 

Types and paraty*pes (from near Kasaub) m my ow*n collection 


DISTKIBUTIOH 

Specimens of this species have been bred out of pupae 
from the following places Small streams crossing the 


po far collected 

Kasauli-Subathu 


* A number bred out of isolated ones 
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Road, 4,000-5,000 ft , 15 viii 26 (types and paiatypes), River Kuthar (October 
1927), Nahan and Karli streams (August 1929), all near Kasauh , from a small 
stream near Dak Bungalow, Chandigarh, 26 x 26 , River Leh near Sohan 
Bridge, Rawalpindi, 10 ix 30 , and a single female specimen from a stream 
south of Chhota Simla, 5 x 30 


Summary 

Six veiy closely related forms belonging to the group of stnatum-\ik& species 
ha\ e so far been collected from India They are characterized by having striped 
thorax and simple claws in the female, 10 respiratory filaments in the pupal stage 
and by having only an inconspicuous dull grey spot on the outer surface of fore 
tibias (instead of the silvery white spot as found m all those species described in 
Parts I to r\^ of this study) The gemtal armatuies of practically all of them are 
identical, the various forms showing certain constant difierences mainly in the 
colour of then legs 

Male and pupa of S slnalum Brunetti and female and pupa of S gnsescens 
Brunotti have been described for the fiist tune, and revised descriptions of the 
female of the former and the male of the latter have been given 

Males, females and pupae of three new species belonging to this group have 
been described 

A new variety of S gnsescens, based on the form of the respiratory filaments 
and certain distinctive characters of the cocoon, has also been described 
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Explanation of Plate XVII 
Swnihum stnafiim Bninctti 

Fig 1 Part of ventral view of tcmiinalia of female 

„ 2 Part of ventral surface of abclominnl segment 7 sliowmg the thinly chitmized 

semi-circular plate vith close l}nng short mneroseta) (Scale as in Fig 1 ) 

,, 3 Ventral view of genital armature of a paraU’pc male Left style not shown 

(Scale as in Fig 1.) 

„ i Ventral view of intcr-coxal piece 

„ 5 Tihia and tarsus of right leg of a paratype male (Scale A ) 

„ 6 Part of pupal respiratory filaments of left side (Scale A ) 

„ 7 Lateral view of cocoon (Seale B ) 

Simnhum gresescens nov var 'pahmtum 
Fig 8 Part of pupal respiratory filaments of loft side (Scale as in Fig 6 ) 

Stmuhum co)isiimhs sp n 

Fig 9 Tibia and tarsus of right leg of a paratype male (Scale A ) 

(A — Scale for Figs 5, 6, 8 and 9 B — Scale for Fig 7 ) 
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Monnga pferygospenna Gsertn , also known as Monnga oleifera Lam , 
E decandra Willd , and Guilandina monnga Linn , is a large and beautiful tree, 
belonging to the Natural Order Mormgse It is known in Sanskrit as Murunga, Sinq, 
ShobhanjanavriLshaha , in Hmdi as Shagnah, Segva , in Bengali as Sojna, Sajina , 
m Orissa as Munigha , in the N AY E P as Sahajna , in the Punjab as Soanjna , 
in Bombay as Sanga and in Burma as Dandalonbin The tree grows wild in the 
sub-Himalayan tract from the banks of the Chenab to Oudh, and is also commonly 
cultivated in many parts of India and Burma The leaves, flowers and fruits are 
all eaten as vegetables The corky, grey bark is about an mch thick and has got 
longitudinal cracks It yields a coarse fibre which might be utilized in preparing 
mats, paper or cordage The root is pungent and has the taste of horse-radish 
the wood of the root is soE, porous and yellowish The bark of the root is thick 
soft and reticulated , it is hght brown externally, soft and white internally The 
gum IS opaque and white when it first exudes, but on exposure to air soon changes 
to pink, dull or mahogany colour on the surface It is insoluble in water and 
possesses a bland mucilaginous taste , m dry air it is friable, but becomes tough 
in damp climate due to absorption of nearly 20 per cent of its weight of water 

( 633 ) 
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Tlio umn to tlio trnj:a(nnth or lio" pnm sciich, Init on account of its dait 

colour liJis not "ot niiidi \alm' in ICuroponn < onnnon c Tlie seeds }ic](l on pressure 
11 clear Iinijud, almost lolomlcss oil, nliuli saponifies slonl\ and docs not turn 
raiu ul on stnndiini If hasu sjiei ific firax if} of0012 fo0ni5atG0°F and is almost 
de\oid of ndom and fiaioiir It is composed (liiefli of oleine, margarine and 
sfcanuo and is cousidorod to lie one of flic best lulincauts for fine inacliincryby 
nafcli makeis On lu eoiiiii of ifs propeiti of alisoilnng and retaining the most 
fvigiti\e odonis, the oil is liighiN esteemed bj perfumers 

jilcclicmnl ~ Tlie medieinal Mrtiies of fins plant have long been hnown 
and appreciated in India If lias liccn freqiientl}' mentioned m the Bliavaprahasa 
and m manv other autlioiitnfn e worhs on Ilindn medicine Almost all parts of 
the jilnnt e g , loot, baric gum, leaf, flowci, seed and the sccd-oil, have been used 
foi vaiioiis aliments in indigenous medicine The loot made into a poultice or 
paste IS lei} commonly applied to flie shin, cither alone or in combination with 
mustnid seeds and giecn giiicmr, as a coiintei-imt'int and blistering agent m 
enlaigoment of the Inei and spleen m cbildicn and in painful ihcumatic joints 
The fiesli jnicc of the root is sometimes poured into the cars to relieve otalgia , a 
decoction of the wliolc loot or the root-bark is used ns a gargle for stomatitis an 
gingivitis Tlic loot of tliG young tree, the root-bark and sometimes the fres 
juice expressed from tlic root arc reconimcudecl for internal admmistration for 
intermittent fever, dyspepsia ascites, enlarged spleen or liver and calculus m 
the kidney and bladder 

The gum is frequently applied externally for the relief of rheiunatic joints an 
to disperse glandular swelbngs It is also used m some places to produce abortion 
It -would be quite possible to use it as a tent to dilate tbe os uteri, because it is 
veiy tough, and easily sivells up in the piesence of moisture 

The young leaves have been used along -vv'itb other ingredients in the trea me 
of dog-bite, scurvy and catarrhal affections of the mucous membrane They are 
also believed to possess aphrodisiac properties The halinrs administer 
fruit in ahections of the liver and spleen, articular pains, tetanus, dehihty 


nerves, paralysis, pustular eruptions, white patches, leprosy, etc 

The flowers are consideied to possess stimulant and apluodisiac proper 
Mohammedan writers describe the flowers as hot and dry and use them as tonics, 
diuretics and cholagogues The juice has been prescribed with milk as a 
antilithic, digestive and antispasmodic The seeds {Sioeta manclia or v* 
pepper) are desciibed as acrid and pungent, and are used in the trea 
ascites due to derangement of liver The oil expressed from the seed m 
externally for relieving pain of the joints and in gout and acute rhei 
The medicinal virtues of Monnga ‘plerygos'petma appear to have impress 
early Euiopean physicians who visited India, as is evident from the goo 


left regardmg it, by Taylor, Stewart, Dymock and others 
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Clienncal composihon — The chemical examination of the bark was carried out 
b}^ Dr S Ghosh and Mr Ashutosh Dutt of the Department of Chemistry, and the 
details will be published by them in due course A short summary of the result 
IS given below — 

A preliminary extraction in a Soxhlet’s apparatus with different solvents in 
succession gave the following extracts petroleum ether 0 71 per cent , sulphuric 
ether 6 17 per cent , chloroform 0 68 per cent and absolute alcohol 2 17 per cent 
The petroleum ether extract contained some fatty oil, traces of an essential oil and 
a phytosterol The sulphuric ether extract contained some orgamc acids and a 
waxy substance The chloroform extract gave distinct reactions of an alkaloid 
while the alcoholic extract contained some resins and alkaloids An average of 
four assays by different methods showed the presence of 0 105 per cent of 
alkaloids Five hundred and thirty-four grammes of fresh undiied bark, when 
distilled in steam gave only 0 026 g of an essential oil which had a very 
pungent smell 

For the isolation of the alkaloids, the air-dried bark was extracted with recti- 
fied spirit, the alcohol was recovered under reduced pressure and the residue taken 
up with a dilute acid The acid aqueous extract was partially neutralized and 
allowed to settle, and the clear liquid was filtered and extracted with petroleum ether 
It was then made alkahne with ammonia and extracted repeatedly with sulphuric 
ether The ethereal extracts were washed, dried with sodium sulphate and the 
solvent removed The original alkaline aqueous liquid, which still contained 
some alkaloids, was then shaken exhaustively with chloroform which removed the 
rest of the aUcaloids The chloroform extract was v ashed, dried and the solvent 
removed Both the alkaloidal residues were then converted into hydrochloride 
and the hydrochloride dried in vacuo The dry residue was then extracted with 
boiling dry chloroform, which removed the non-crystallizable portion The in- 
soluble residue was recrystalbzed several times from absolute alcohol until a 
substance of constant melting point was obtained It is proposed to designate 
this alkaloid provisionally as Mot ingine The hydrochloride crystallized in white 
glistemng plates melting at 254 4°0 and gave crystalhne picrate, aurichlonde and 
platimc chloride 

The chloroform soluble hydrochloride was purified in different wavs and has 
not as yet been obtained in a crystalline form It is proposed to designate this 
latter alkaloid as Monttgimne None of these alkaloids give the chemical and 
physical tests of ephedrme 


Expeeimental 

Oui experiments were conducted both ivitli Moringine and Moringinme, as 
these appeared to be the chief constituents isolated from the root bark The 
crystalline alkaloid Moringine was found to be comparatively inert The residual 
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iilkaloid Morinqimm pli} ‘.lolopicnl As tins nlkaloid could not be 

isolated in a pme (r}slalliiie form, the li> droc Idonde of the crude base ^\as used 
111 all our cxjienmeiits The dosaj^e given \\as then fore soineuliai Iniger than if 
the alkaloid \sas in a jnire state 

Local cfficts — A T) per cent solution of the alkaloid applied to the unbroken 
skin produced no sicns of irritation Subf utaneoiis injection of 1 cc of a 
5 per cent solution of the drug in a guinea-pig did not produce any signs of local 
inflaniination The appluation of a few drojis of 1 pei cent solution of the drug 
to the conjiinctna of rabbits had no iiritant cfTect The pupils showed very 
slight dilatation, but theie wore no signs of any ancesthcsia of the cornea 

Intravenous injections of 6 to 10 nig of the alkaloid in cats also produced slight 

dilatation of the pupil 

Bloocl-])ressure — Injections of r to 10 mg of the alkaloid intravenously in a 
cat under cliloralosc or urethane piodiicc a well-maiked and persistent rise of 
blood-pressure varying from 20 to 80 mm of merciiiv (Graph 3, c) The blood- 
pressure remains high fiom about 3 to 10 minutes after which it returns to its 
normal level, but rarely goes down below the noimal When the blood-pressure 
is at its highest, the heart shows a distinct slowing, and the curve sometimes 
drops a little due to the effect of the high blood-pressure on the vagal centre 

The rise of blood-pressure pioduced may be due to either of the following 
factors (1) paralysis of the vagal mechanism, (2) stimulation of the sympathetic, 
(3) direct stimulation of the musculatuic of the heart, (4) contiaction of the b oo 
vessels Further e^pellments have been performed in order to find out w ic^ 
particular factor is specially responsible foi tbe rise In decerebrated an 
atropmizcd animals and in animals treated with large doses of nicotine 
paralyse the ganglion cells, the usual rise of blood-pressure is obtained in all t ese 
cases after administration of the aUcaloid, indicating that neither the vaso-mo o 
centre, the vagal system, nor the ganglia are concerned wnth the rise The pro ‘ 
bihty therefore is that the rise in pressure is due to a stimulation of the symip 
neive-endings or to direct stimulation of the musculature of the heart 

The pulmonary blood-pressure is raised and it lemains high for some 
after the carotid pressure comes down to normal (Graph 1, (?) This effect is pr 
brought about by increase m the force of contiaction of the heart-beat and acc 
lation of more blood in the pulmonary circulation, due to constiiction or 
in other parts of the body, which are more under sympathetic control t 

pulmonary vessels nerve 

In order to determine whether the drug stimulates the sympathetic 
endmgs, repeated small doses of ergotoxm phosphate were injected m ra . 
till the vaso-motor nerve-endings were paralysed The response ob ai 
result of injecting 5 to 10 mg of the alkaloid was recorded 
of ergotoxm, and this was compared with the response obtained wi 
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dose given afterwards It was observed that an injection of tbe alkaloid after 
ergotoxm produced a much, smaller rise of pressure, and sometimes no rise 
whatsoever (Graph 3, b) This indicates that the sympathetics are partly, if not 
wholly, responsible for the action of the drug The small rise of blood-pressure 
observed after ergotoxm is probably due to direct action of the drug on the 
musculature of the vessel wall The return of the carotid blood-pressure to the 
original level without a fall below the normal level, indicates that, unlike 
adrenalm, the vaso-dilator fibres are not stimulated 

Cocaimzaiion — To determine if the drug acts on the sympathetics or on the 
musculature of the vessel wall, we used the cocamization method described by 
Tainter (1927, 1929) Fifteen milligrams of cocaine per kilogram of body-weight 
were given subcutaneously to animals anaesthetized with urethane, which also 
received a subcutaneous dose of 1 mg of atropine per kilogram of body-weight 
This renders the sympathetic nerves more sensitive, and anv stimulation bv true 
sympathetic accelerator drugs produces a greater response sensitization — ^whereas 
weak direct muscular stimulants show comparatively less response — desensitization 
This experiment was performed on a number of animals and pressor responses 
obtamed with this alkaloid and adrenalin in non-cocaimzed animals were 
compared with those obtained m cocaimzed animals It was observed that 
the alkaloid from M pterygospeima produced a weak response after cocamization, 
whereas the pressor effect of adrenalm was very much mtensified It is 
reasonable to conclude from this that the alkaloid owes at least a part of its 
action to stimulation of the smooth muscle of the blood \ essels, but it is difficult 
to say to what extent the resultant action is due to stimulation of the sympathetic 
nerve-endmgs or to stimulation of the musculature of the vessel wall The 
explanation becomes aU the more difficult when the stimulant action of the drug 
on the heart, described later, is also considered Any residual pressor response 
observed after ergotoxm or cocaine may be due to the action of the drug on the 
heart or musculature of the vessels 

Adrenalectomy — It has been shown by Tainter (1926) that the pressor action 
of drugs like mcotine, strychnine, etc , m ammals depends partly on the integrity 
of the supra-renal glands, and that the response is difierent in normal and 
adrenalectomized animals Experiments with this alkaloid after removal of the 
adrenals show that its pressor efiect is considerably reduced This is probably 
due to loss of adrenal secretion and consequent vascular and muscular asthema, and 
also partly to lack of increased epinephrme secretion which is produced by sucl 
drugs 

Myocardiograph and cardiometer experiments — Intravenous mjections of the 
allraloid in animals in which myocardiographic tracings are bemg recorded show 
a slight acceleration of the rate of the heart, both the auricles and the ventricles 
show a defimte increase m the force of the beats (Graph 1, a) The cardiometer 
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cxpormionls a marKarl nu ron'ja ni ihr \ ohuiio of the lieurt (Graph 1, c) After 
larpo (lose*- hnue\er, of dilatation are e\ident, prohnhly due to increased 

pcnjiliernl rc'u^taiue hrouiiht aliout l»\ fonstndion of hlood vessels Similar 
results are obtained in a ^enes of e\peiiniciits in vhirh the vagal endings are 
painhsed vith atrojnne The effects tliercforc, arc not due to paral}sis of vagal 
ending'', but either to stimulation of the s_\-nipathetits or direct effect on the cardiac 
musculature Further, vhen these c xjierimonts have been done on animals, which 
l^n^e roccucd repeated doses of oigotoMii to ])arnl}se the S}inpathetic endings, 
injections of the alkaloid show more or Ic'-s the same effects on the aimcles and the 
\ cntncles, but a smallei use of blood-pressuie is obtained In fact inmost of these 
experiments the alkaloid piodiiccs a greater stimulation of the auricles and the 
vcntiicles after ndmimstration of cigotoxin (Grajili ], h) This fact w onld suggest 
that the alkaloid might ha\c some dnect stimulant action on the myocardnun, 
though it must be renli7ed that ergotoxm, according to many authorities, does not 
completel} paial}sc the sympathetic nicchnmsm of tlie heart 

Isolofcd heart — Isolated hearts of rabbits and kittens are perfused through 
the aorta n itli oxygenated Locke’s solution having a pH of 7 2 and temperature 
of 37 5°C The heart perfused vith 1-100 000 solutions of the allcaloid shows a 
well-marked increase m the amplitude of contr.sction, the rhytlim being only 
slightly accelerated (Giaph I, g) TJie coronniy outflow also shows an appreciable 
increase All these eftccts suggest cither stimulation of the syTupathetic mechanism 
or direct stimulation of the mj ocardnmi The action of the lieart after the drug, 
however, is characteiistie and is not like that seen wdien the inhibitory mechanism 
IS paralysed Moieovei, the alkaloid aftei repeated injections of atropine, sti 
shows increase in amplitude and acceleration of the rhythm This conclusively 
shows that the action is not on the vagal mechanism After repeated injections 
of ergotoxm the heart still shows stimulation though to a lesser extent 

Pet fusion of vessels — Perfusion of blood vessels in the fr og, with cblute solutions 
of the alkaloid by Trendelenberg’s method, produce a well-marked constriction 
Similar results are also obtained when the mesenteric vessels of the cat are perfuse 
with ergotoxm and then with the alkaloid a lesser degree of constriction 
being observed These facts favour the view that the alkaloid acts mainly y 
stimulatmg the sympathetic endings, while the shght constriction observe^ 
after ergotoxm is probably due to direct stimulation of the musculature o 
the vessel wall ^ 

Myocardium — ^An attempt has been made to determine the action of t 
alkaloid on the myocardium and to sec whether it has any depressant 
the heait muscle in large doses, as is the case with alkaloids Idre ephedrine ^ 
doses such as 1/100 mg and 1/40 mg of this alkaloid have no efiect whatever ^ 
the myocardiograph tracings of the auricles or the ventricles or on the blood-piessu^^ 
Doses of 0 6 mg produce a slight rise of blood-pressure and a slight increase m 



Graph 1 



(n) Male cat, 2 340 g cliloralo^e The tracings from abo^e <loa naards lepresont ainicular and venlneiilar moicments, 
I carotid blood pressure Upstroke diastole and dow nstroke sj stole Ten milligrama of the d/ori 1170 alkaloid into the femoral 
vein produce a definite iiereaso of force and slight increase of frequencv of the beat and a rise of Wool pressure 
Time=G seconds 

(6) Mile cat 2 CIO g chloralose The tncings from uboie dounu irds repieseiit auiicular and veiitiiculni iiorements 
and blood pressme Ten nnlligiams of the Moringa alkaloid injected after suffieient ergotoxin to parahse the raso motor 
sjmpathetics show definite stimulatior of the auricles and \entiicles and slight rise of blood pressure Timc=-6 seconds 

(r) Male eat 2 170 g chloralose Heart volume Ten milligraius of the alkaloid into the femoral vein shov an increase 
in the volume of the heart Time = 6 seconds 

{d) Alale eat ! 420 g chloralose Pnlmonan pressure and carotid blood iireosuie Injection of 10 mg of the jl/ornipn 
alkaloid into the femoial vein produce an increase in the pressure of both The rise in pulmonarj jiressure is more 
sustained Time=G seconds 

(e) Female cat 2 011 g chloralose Kuliev volume and caiotid blood piessure, showing effects of injection of 10 nm 
of the Motinijii all aloid Timt = 0 seionds 

(/) Male cit 1 bOO g ehloralnsi Tiitc-tn al volume iiid caiotid blood pussnie showing effects of injection cif 7 "> niu 
of the Moringn all aloid Time— (1 seconds 

(</) Pirfiision of isolafed hcait of kitten 1 100 000 of the Moiiiign all aloid pioduce an incicase of the freciucncv 
and foice of the la Us Upslioke diastole and dow n-.roke sv stole Time=G seconds 

('0 I’lrfusiou of virgin iiteius of rihhit with total alkaloid of Monnga i 40,000, shows contraction and increase of lone 
Tune =6 seconds 

(1) Perfusion of isolated uterus of guinea pig (earlv pregnanev) with total alkaloid of Morin, la 1 10,000 Sliows 
contraction Time^b seconds •' ’ 
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amplitude of tlie beats of tbe auricles, the ventricles showing practically little or no 
response On repeated administration of large doses, after a total of 80 to 100 mg 
IS given, the blood-pressure begins to show a fall before the usual rise If still 
larger quantities are given, it is observed that as the doses are increased, the initial 
fall of blood-pressure which occurs is more marked while the ultimate rise produced 
IS less Mlien a total of 199 5 mg has been given, the blood-pressure not only 
shows no rise but actually falls (Graph 2, a) At this stage a dose of 1/150 c c of 
adrenalin produces a fall in blood-pressure and slight dilatation of the ventricle 
(Graph 2, b) while 1/20 c c of adrenalin produces a rise which also is much smaller 
than that produced normally When the animal is allowed to recover from the 
effects of the alkaloid, doses of 1/150, 1/200, 1/400 and 1/500 mg of adrenalin 
produce a rise of blood-pressure and the usual effect of the drug on the contractions 
of the auricles and the ventricles Further it is observed that when large doses 
of the alkaloid are repeatedly given, the auricles and ventricles show the usual 
effects of working against increased peripheral resistance, during the period of the 
high blood-pressure As the doses are gradually increased and the blood-pressure 
begins to show a larger imtial fall and a smaller subsequent rise, the effects on the 
auricles and on the ventricles are correspondingl-y less Lastly, when sufficient 
doses have been given so that only a fall of blood-pressure is produced, the contrac- 
tions of the auricles and ventricles show little or no change These facts show that 
large doses of the alkaloid have no depressing effect either on the myocardimn or 
on the accelerator nerv'^es in the heart The fall of blood-pressure is, therefore, due 
to changes in the calibre of the blood vessels Furthermore, it has been observed 
that administration of small doses of adrenalin after such repeated doses of the 
alkaloid produces a fall of blood-pressure and a slight dilatation of the ventricles 
Under the conditions stated, such an action of adrenabn is only possible vhen 
either the musculature of the vessel waU is depressed or the vaso-constnctor 
sympathetic fibres are mhibited, leaving the vaso-dilators unaffected It would 
appear, therefore, that repeated large doses of this aUcaloid produce no effect on 
the myocardium, but either depress the musculature of the blood vessels or the 
vaso-constnctor sympathetic fibres As however the drug does not depress 
the cardiac muscle, it is not likely that it would depress the musculature of 
the vessel It appears probable that the drug m large doses depresses the vaso- 
constrictor fibres 

Volume of the organs —The volumes of diBerent organs react in different ways 
to this drug, and these changes are difficult to interpiet Generally the changes 
in the volume are attributed to alteration in the calibre of the blood vessels in the 
organs, or to contraction of involuntary muscle fibres in the capsule, or both It 
has been shown that this alkaloid in doses of 10 mg produces a reduction in the 
volume of the spleen which corresponds to the rise of blood-pressure (Graph 3, a, b), 
and the volume of the intestine shows an imtial reduction followed by an increase 



olO 


!Mormga plor}gos])ciina (N. 0 Morjuga}). 


((Jrapli [,f) 'I'lus UK rrast' m porsist^t for sonu’ time after the carotid blood 

]ne^sine tomis (lri\Mi to normal The kulm) (Clrajih 1, c) ami the limh volumes 
(Ur.iph .1 tl) aKo show arise, tin ki<lne_\ \nlumo sometimes shows a tendency to 
initial ( onstiK tion The ledm tion in the ^ohlme of the spleen is due to contrac 
lion of the inxolnntan miisi le hhres m the or/^an , the dilatation seen in the other 
organs is prohabK jirodiued 1)\ their i>assi\e enfzor^emcnt with blood on account 
of the constriction of the \essels eKewlu le, stimulation of the heart and rise of the 
blood-])iessine Thong'll tin ^oblmes of some of the orpans show a passive dilata- 
tion the \obmies of the intestine and the kidneys at any’ rate show an initial 
icdiution (toncspondinp to tlie earh part of the rise of the blood-pressure) 
followed by an ineiease The maiked and pcisistent increase in the volume of 
the intestine, seen aftei the letuin of the hlood-pi ensure to normal, may be partly 
duo to inhibition of the tone and (oiisequent relaxation of the intestine produced 
by this alkaloid It was fnrtlier obsor\ed that after administration of repeated 
doses of er"oto\in, which pniahse the ^aso-lnotor sy mpathctic fibres, the volume 
of the spleen still shows a fair rednttion though it is much smaller than that 
obser\ed whenergotoxm is not administered (Graph 3, a, b) This shows that 
the action of this alkaloid is both on the musculature of the organ and the 
vaso-motor syTiipathctics The initial reduction of the intestinal volume seen with 
this alkaloid is piactically absent after administiation of ergotoxm 

Digestive sgstcin — Intravenous injections of the alkaloid m doses of 5 to 10 
mg produce a general inhibition of the tone and movements of the intestine in 
situ Sometimes a complete inhibition of the intestinal movements lasting from 
3 to 10 minutes is produced (Graph 2, d) Perfusion of the isolated pieces of the 
gut produces a distinct reduction m the amplitude of peristaltic movements and 
inhibition of the tone Pnrther, it is ohserved that after perfusion of the intestine 
with repeated large doses of the alkaloid, pilocarpine and barium chloride produce 
their usual effects (Graph 3,/, g) This shows that this alkaloid does not paralyse 
the vagus nor does it depress the musculature of the intestine The effect must, 
therefore, be on the sympathetic nerves 

Liver — The alkaloid when injected through one of the mesenteric veins pro 
duces only slight effects, and wdien the injection is given slowly no effect 
ever is produced It would appear from this that the liver either retains 
alkaloid or prevents it from passing into general circulation in active form 

Res'piratoiy system — The effect of the drug on the lespiration was studie 7 
observing the intra-tracheal pressure in cats under urethane anaesthesia Intraven 
ous mjections of the alkaloid produce a marked fall in the intratracheal 
(Graph 2, c) , pilocarpine produces its usual effects afterwards Theeffectspro uc 
by the alkaloid are present in a noiinal degree m atropinized animals, an pJ e 
pine produces its normal effect after its administration It is probable, t ere 
that the action is not on the vagi In some animals a slight initial coustric ion 



Graph 3 




tl-loMer the carotid bleed pressure aftc 

a lesS efc^t thai“(L)’'"' of sufficient ergotoxin to paralyse the sjnipathel.es Shou 
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diminution of the movements of the intestine Also shows that produces a relaxation of the tone an 

alkaloid Time=6 seconds pdocarpme and barium chloride had usual eflette after J/Lin” 
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the bronchioles is observed after administration of the alkaloid, and this constric- 
tion IS more marked when it is given after an injection of adrenalin 

Gemto-urinary system — The effect of the alkaloid on the secretion of urine was 
studied on cats under chloralose or urethane ansesthesia A suitable tube was 
introduced into the bladder by supra-pubic operation and the drops of urine were 
recorded The secretion of urine was slightly increased, after mtravenous injec- 
tions of the alkaloid, and the effect lasted as long as the blood -pressure kept at a 
raised level (Graph 3, c) The kidney volume always showed an increase 
corresponding to the rise of blood-pressure (Graph 1, e) It can, therefore, be 
suggested that the increase m the secretion of urine is the result of the high 
hlood-piessure and consequent increase of blood flowing through the kidneys 
This IS borne out by the fact that if both the kidneys are encased in a plaster of 
pans jacket, so that they cannot increase in volume, there is no increase in the 
secretion of urine after injections of this drug 

Uterus — That the sympathetic contains both the augmentor as well as the 
inhibitory fibres of the uterus is an accepted view, though some doubt has been 
thrown on it on account of the different responses given by nicotine, hydrastinine, 
etc , in intact and isolated uteri of the cat The uteri of different animals in 
different conditions respond differently to the svmpathommietic substances 
Advantage was taken of this behaviour of the uterus to determine the exact nature 
of action of this new alkaloid on this organ Experiments have shown that adrenalin 
contracts the uteri of rabbits and relaxes those of gmnea-pigs Isolated 
rabbit’s uterus, both virgin and parous as well as the pregnant uterus of the guinea- 
pig, all respond by contraction to 1-40,000 dilution of this alkaloid (Graph 1, Ji, %) 
This at once throws doubt on the idea that the alkaloid acts on the sympathetic 
exclusively On further investigation it is found that the action of the alkaloid 
on the rabbit’s uterus is not altered after previous treatment of the uterus with 
ergotoxin (as is the case with adrenalin) This shows that the action on the uterus 
xS not due to the stimulation of the sympathetics but to its direct action on the 
muscle It has been further observed that atropine (1-75,000) has no action on 
the uterus of the guinea-pig contracted with 1-40,000 of this alkaloid, whereas 
solution of adrenalin (1-1,000,000) relaxes it 

Discussion 

The important effects of this alkaloid are a rise of blood-pressure, inhibition 
of the tone and movements of the plain muscles of the intestine and relaxation of 
the bronchioles These effects are produced by many sjmpathomimetic bases like 
adrenahn, ephedrine, etc The effects of sympathetic stimulation are also 
evident in other organs The alkaloids ilf pterygospenna stimulates the smooth 
muscles, and this is clearly seen in the case of the uterus, while the cardiac muscle 
is only slightly stimulated This alkaloid, though it closely resembles adrenahn 
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Ml its aitioii, (liffi'is fioni it 111 that it prodiucs sonic rise of systemic blood 
]ncssiirc aftci ci<:otn\iii. wlicicas aiinnaiin prodiu ( s a fall Eplicclrmc in large 
doses dcjirc'Scs the nuoiardiimi, iilureas tins alkaloid has no such depressant 
action The coniparitne effect of the three ba^'es is seen in the table 
J\I pin nna alkaloid is weaker than ejihecliiiie or achcnalin 

It IS intoiesliim to note that the s_\ nijiathetic action of this alkaloid pre- 
dominates 111 case of the intestines and the hronchi, Mhereas the miiscular action 
predoniinates in the iiteiiis Jn the cllcuhltor^ s\steni the action is both on the 
sjmpathetic and on the muscle 

The discoven of these alkaloids is \et another instance of a strong s}Tiipatho- 
mimct 1C base being piesent in mc.clicinal ])lants (ominonl} used in indigenous 
medicine c ha\e alieach jniblished our icsiilts (Chopia and Do, 1930 ) of the 
piesencc of epliechinc m iS coxhJoJia The comjiaratu e effects of Monnga alkaloid, 
ephcdiiiie, and adienalin on the difleient systems arc gncii in the follow mg table 


Table 



Mortnga alkaloid 

I^lflicdnne 

Adrenalin 

Blood pressure 

Prolonged and porsistc nt 
rise, rarel} comes dow ii 
below normal 

Sharp and persistent 
rise 

Sharp nse quicbh 
followed bj a 

soniotiDics below 



iioniml 

Pulmouary pressure 

Slight increase 

Slight increase 

Jfarked increase 

Coronary outflow 

Incicnsed shgbth 

Increased 

Increased 

Jlyocardium 

No depression after 

Dcjirtssion after repeated 

Little or no action 


repeated doses ! 

doses 


Blood vessels 

Constriction 

Coiistnction 

Coiistnction 

After ergoto\in 

I ittle or no rise of blood 

Little or no rise of blood 

Fall of blood pressure 

1 

pressure 

pressure 


Intestinal move 

Inhibition 

Persistent inhibition 

Inlubition 

ment 




1 

Respiration 

Relasation of b i o n 
chiolcs 

Relavation of b r o n 
chioles 

Relaxation of brou 
cliioles 

Uterus 1 

Contraction of uterus of 

Contraction of utcius oi 

Contraction of ^ 

rabbit and relaxation 
of that of P’® 


rabbit and guinea-pig 

rabbit 

Seat of notion 

Chiefly on sympatbetio 

Chiefly on sympathetic 

Ghieflv on sympatbeh^ 
nerve eiidmS^ 


nerve endings and 

sbgbtly on musculature 
of the heart direetlv 
and other plain mus 
cles 

endings 
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Summary and conclusion 

1 The alkaloid of M pterygospeinio acts on the s}Tnpathetic nerve-endings 
as well as on the cardiac and smooth muscles all over the body It produces a rise 
of blood-pressure, stimulation of heart and contraction of blood vessels It also 
relaxes the bronchioles, inhibits the tone and movements of the intestines and 
contracts the uterus m guinea-pigs and rabbits 

2 The alkaloid produces a slight diuresis due to rise of blood-pressure 

3 The alkaloid is detoxicated by the liver 

4 In large doses only the sympathetic motor fibres of the vessels are depressed 
by the alkaloid 
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Ojmnn IlahU w the Punjab 


po'^ilion, uhon tho major poilioii of the supply is obtained from the Ghazipur 
opium factor>, a '^mall quantit-\ from Kulu and Kothliai and a still smaller 
quantit\ fiom Simla Hill States 

Another ‘^ouicc of supph, though illecal, cannot be o\erlooked as its extent 
IS not inconsiderable, and that is smuggling In spite of the precautions and strict 
vigilance of the exci'se department, quantities of opium appear to pass into the 
proMiice from Hajputana States, Simla IIill States and from the tribal territory 
m the NorthAYest Frontier and Afghanistan The smuggling from the Hill States 
IS possible oiMiig to the ^cr^ loi\ price of opium in those areas, the high Imiit of 
private possession allowed and the comparative freedom from control licenses 
The geographical situation of the Punjab makes it easily accessible from all sides, 
and as poppy is cultivated in \aiioiis places in its neighbourhood smuggling of 
opium can be easily carried out Smila Hill States produced opium, and this could 
■without difficulty find itsysa} thioiigh a hundred bye-paths into Patials State and 
from there to other States adjoining British districts Opium from Jammu and 
Kashmii State used to get into Sialkot Gurdaspnr and othci sub-montane districts, 
but this has noy\ completely stopped as cultn'ation of poppy and production of 
opium are prohibited in the State The produce of the independent tribal 
territories on the border of the Ha/an district m the Nor+h-IYest Frontier 
Province has not far to travel before it can reach Hazara and the Attock 
districts 

Coni') ol of ojnun) in the Punjab — As i egard'; the sale of opium to the public the 
policy of the Punjab Goy'^ernment is in accord yvith the policy of the Government of 
India, that is non-interference yvith the moderate use of raiv opium, y\hether the 
object of the consumer be some real or supposed physical benefit, or the desire for 
a stimulant or a narcotic The only noteyyorthy feature is stringent restriction 
imposed on opium smoking As early as 1890 the Government of the Punjab 
placed restriction on opium smoking, and in 1923 passed the ‘Punjab Opium 
Smoking Act of 1923 ’ The Government yvished to restrict opium eatmg as ivell 
as opium smoking, but in regard to the latter the regulations imposed yvere so 
stringent that the restriction amounted practically to total prohibition The 
Opium Smoking Act of 1923 prohibits opium smoking in assemblies, in all 
municipalities and cantonments The members of assemblies, and the owmers and 
managers of places used for opium smoking yvere made liable to penalties under 
the Act Smoking mixtures containing opium cannot be sold by licensed vendors 
of opium or by any other person The smoker must prepare his oy\n smoking 
mixture, and must not have in his possession more than half a tola of the mixture 
at one tune 

As regards opium eatmg the Government is undoubtedly anxious to prfey'^ent 
its misuse and^^' excess - ^ umption This is being effectively done by 
increasing t opi dually decreasing the supply 
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The soiiices of supply of 02 num in the Punjab — It has ahead} been indicated 
that the Punjab differs from other provinces of India in that it derives a part of 
its supply of opium from sources other than the Government factory at Ghazipur 
l\Iost of the opium consumed at the present time, however, is supplied by the 
Government factory through district excise authorities ‘ Home groivn ’ opium 
{i e , ojiium giown in Kotkhai and Kulu and Hill States opium) was formerly 
illoived to be sold in the Lahore district through licensed vendors who transported 
and imported it under Goieinmeut peimits and this practice is still allowed m 
Jullundur division A. peiusal of Table II will show the amounts of different 
kinds of opium used in the Punjab between 1900-01 and 1929-30 It will be 
observed that opium obtained from all sources shows a marked decrease 


Table 11 


Showing the consumption of diffeienl hinds of opium in the Punjab 
from 1900-01 to 1929-30 


Year 

! Ghazipur 
excise 
opium 

Malwa 

opium 

Afghan 

opium 

HjJI States 
opium 

1 

Home grow n 
opium 

Total of 
other than 
excise opium 

Qband 

Total 

1900-01 

9,912 

16,859 


f 33,944 

16,586 

47,389 

57,301 

1901-02 

' 7,858 

16,764 


9,538 

! 18,638 

44,940 

52,798 

1902-03 

8,461 

16,599 


7,453 

19,781 

43,833 

62,294 

1903-04 * 

1 8,809 

15,357 


5 604 

24,076 

45,036 

63,845 

1904-05 

7,014 

10,428 

1 

! 12,534 

27,757 

50,719 

67,733 

1905-06 

1 8,632 

19,603 


10,911 

19,674 

60,188 

58,820 

1906-07 

, 10,207 

24,737 


5,834 

19,129 

49,700 

69,907 

1907-08 

9,674 

29,813 


3,497 

12,926 

61,236 

60,810 

1908-09 

18,164 

11,126 


14,063 

18,072 

43,261 

61,415 

1909-10 

31,902 



10,544 

[ 17,059 

1 27,603 

69,605 

1910-11 

, 44,049 



10,186 

9,137 

t 19,323 

63,372 

1911-12 

62,601 



6,548 

4,432 

10,980 

63,481 

1912-13 

' 57,634 


847 

4,652 

3,451 

8,950 

66,584 

1913-14 

1 54,731 


156 

1 6,729 

3,733 

10,618 

65,349 

1914-15 

65,144 


47 

1 2,005 

2,625 

4,677 

59,821 

1916-16 

, 54,685 


6 

2,042 

2,371 

4,418 

59,103 

1916-17 

1 61,007 


203 

7,954 

1,990 

10,147 

61,164 

1917-18 

60,445 


210 

5,633 

1,472 

7,315 

57,760 

1918-19 

48 008 


6 

3,898 

1,460 

5,364 

53,372 

1919-20 

44,683 



4,427 

2,248 

6,675 

51,358 

1920-21 

37 225 



11 621 


1 11,621 

48,846 

1921-22 

23,893 



13,902 


13,902 

37,795 

1922-23 

1 25,285 



9,514 


9,514 

34,799 

1923-24 

28 234 



6,143 


5,143 

33,377 

1924-25 

29,872 



3,810 


3,810 

33^682 

1925-26 

34 929 



2,727 


2,727 

37)656 

1926-27 

36,278 



2,845 


2,845 

1 39,123 

1927-28 

37,638 



2,918 


2 918 

40)556 

1928-29 

37,048 



2 279 


2 279 

39,327 

1929-30 

1 36 922 

1 



2,021 


2,021 

i 

38)913 

i 
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Con^umpUon of ojnum i?i (Iiv \ roforoncp lo Table II sbo-w that 

in 102^-30, 58,015 seer'? of opium %\ere couMimod in Die pro\incc, out of iiliich 
50,022 seors were excise ojuuni while 2,021 seers were ‘home grown’ opium 
These figures do not inelnde the quantity sold hi pharmaceutieal chemists in 
the form of medicinal preparations, or dispensed in prcscnptions or preparations 
supplied to Goccinment medical institutions In the Go\crnment Jlcdical Store 
Depots 

The consumption of raw opium in the proMiicc can be discussed under three 
main headings — 

(а) hlcdical use — (1) for human beings, (2) foi animals 

(б) A household ^emed^ 

(c) A drug of addiction 

(o) Mcdicnl Kscs of opium — There is no doubt that opium is one of the 
most useful drugs in the Phaimacopoeia, and it is extensively used in w'cstcru 
medicine Although no statistics arc available to show' how much opium or its 
derivatives arc used by medical piactitioncrs in this country, it is ccitainthat the 
quantity consumed in this w’ay is not large From our w ork in the field it is clear 
that little or no opium is sold by ordinaiy licensed vendors to the registered medical 
practitioners There is reason to believe that the Indian medical practitioners use 
less opium and its derivatives than their w'estern confreres Tins contention 
IS supported by the fact that in the Punjab w'O have not come across a single 
individual who could say that his habit had followed taking of opium on medical 
advice 

Chopra (1928) gave a detailed account of the use of opium m the indigenous 
systems of medicine in India He showed that opium is not used to any great 
extent in Hindu medicine Its administration is mainly confined to two 
diseases, namely, diairhroa and dysentery, and it is onlv given m certain stages 
of these conditions The Hindu jiliysicians appear not to have made much 
use of the sedative and pam-relieving properties of opium and, exen at the 
present tunc, they only use it occasionally to relieve pain and spasms 
investigations in the Punjab show that very little opium is being used bv the 
practitioners of indigenous medicine, but there is little doubt that itinerant 
quacks give it in all soits of diseases and conditions to those who go an 
consult them 

It has been said that large quantities of opium weie used for purposes of ad 
ministration to domestic animals Oui investigations m the province show t la , 
though the custom might have been prevalent in the days when poppy 'was com 
monly cultivated everywhere, it is not met with now Because of the hig pr||^^ 
of opium and the large doses that are necessary for animals, the 
be prohibitive at the present time Many years ago it was not uncommon or 
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hackney carnage drivers to give tkc drug to tke horses m order to overcome fatigue 
ind to make tlie animals endure continued physical strain On account of the 
high price of opium this is rarely done now The drugs employed for this purpose in 
these days are compounds of arsenic, various preparations of Canmbts indica (e g , 
bhang, charas, etc), strychnine, flowering tops of Calotiopis gigantta and opium 
only to a very small extent When opium is used for this purpose it is admimstered 
once a day, generally in the evening, m doses of one-quarter to one tola After 
the dose the animals look active, can undertake long journeys, and take fodder 
V ell Animals who are given daily doses become habituated to the diug , we have 
met a few instances of this condition When opium is withheld from these animals 
they show a tram of symptoms resembling those occurring in drug addicts They 
lose their appetite, their eyes water, they look off colour and show signs of 
tiredness when the dose is not given They become lazy and obstinate and will 
not move Such animals have a peculiar appearance, are thin and emaciated, 
and have really become drug addicts 

Opium as a household remedy — A reference has also been made to the use of 
opium as a household remedy in India generally It has been shown that despite 
the observations made by Dr Roberts m the Report of the Royal Commission of 
1893, the use of opium as a household remedy m India is very limited at the present 
tune So far as the Punjab is concerned, opium has never been used as a prophy- 
lactic against malaria, or to keep off damp and cold It is used to a certain extent 
to control intestinal fluxes, and for coughs and colds in the winter season, but that 
also in veiy small quantities One meets people who have passed the age of 45 
or 50 taking half a grain of opium daily during the winter months to keep down 
cough and bronchial secretion, but even this is getting less common than in days 
gone by 

It has been alleged that the use of opium as a household remedy in the Punjab 
IS due to insufficient medical relief being available for the masses, especially in the 
rural areas Our investigations have shown that there is no correlation between 
the number of dispensaries and opium addicts in an area The consumption of 
opium is highest m the central districts, e g , Perozepur, Lahore, Ludhiana and 
Jullundur, which are well pro-vided with medical facilities The average area 
served by a dispensary in the provmce as a whole is 287 square miles, with an 
average population of 62,643 The average m Mianwali district is 597 square 
miles and in Jullundur 96 square miles {Annual Statements of the Dispensaries and 
Charitable Dispensaries of the Punjab, 1924) One would expect that in Mianwali 
district, where facilities for medical aid are comparatively less, the consumption of 
opium would be more, but it is about 6 seers (12 pounds) per 10,000 of population 
(i e , in accordance with the standard laid down bj the League of Nations as being 
necessary for the medical and scientific needs of the people), whereas in 
Jullundur it is 24 seers per 10,000, i e , 4 tunes as much 
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tlu'vf aiu] ollici fiuts it is ol)\ious lluit most of the law opium in the 
Punjab IS ( oiisuiiH'd 1)\ tlirnddiits J?o( o^nit ion of f)iis position is of impoitance, 
as fuilhc'i inoasuii's adopted to lesfntf oi abolish sale of ia\s opium depends on 
this 


The pn^rnh :i l( nl of ojnum (ulduhon in ihi J*unj(i/j — "J’lie a\eia"c eonsumption 
of opium in the J’linjab in lOJO-'tO uas (i IS sens pei 100 of the population Tiic 
Leaeue of Nations has routthh estimated flie tonsumption of opium of a eountn 
for medical and snentihc needs as OOP sens pei 100 of the population If I'c 
stiuK the st.ite of aflaiis m the I’unjab as a whole, with lefeience to the standard 
laid down b} the League of Nations, the eonsumption of opium is not excessive 
A closer stiuh, howe\n, shows that this eomjiaiison doe-> not pi\ea correct idea 
of the extent of the use of this diujr among diffeient settmns of people and in 
diftcient localities ^\ c ha\e eaiefulh studied the figures of consumption of 
opium m \arious districts and the icsults aic shown in T.ddc III Sc\en districts 
of the Punjab (with a pojml.ition of 22 0 pei cent of the total) show a consump- 
tion eithci below oi at the Ie\ el of the standard hud down bj' the League Seven 
clistiicts with a population of 21 7 pei cent me not much above the standa’ 
laid down b) the League Seven districts (with a population of 19 3 pci co’ 
khe total) consume less than the axciage foi the piovincc i e 0 18 seers p 
R[u four distiicts (with a population of IS 01 pci cent of the total) the con 
IS very high These aie the cential districts, Feiozepiii — with a C' 
of 0 54 seeis pei 100 of population, Lahoie — witli 0 49 seeis pei 100 
0 48 seeis per 100, and yVmritsai — with 0 42 seeis pei 100 of p' 
remaining four districts of the piovmce (with a population of 1^ 
a higher consumption than the aveiage foi the province ^ 
wutli 0 24 seeis pei 100, Ambala with 0 23 seeis pei 100, In 
per 100 and Rawalpindi wuth 0 18 seeis per 100 of popuh'v' 

It will be seen, therefore, that the pioblcm of opiiur 
w^hen the piovince is consideied as a wdiolc ^nti 
habit IS not widespread in this part of Ind > 

giving use to the high incidence 
consumption in such parts is dep/ " ^ ^ 
aiea rather than on such factoy 
etc In the luial areas m the; 
between the consumption of opij. 
of a locality The districts wutj 
incidence of addiction, as com 
population, which show^ a cons 
howmvei, hold good foi the ml 
the Sihh element is not laige I 
of opium addiction in the lu 
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t!ic towHi — owing to overcrowding and other factors which have been discussed 
lattr — tin lower strata of society are much more prone to take opium than m 
vill lijes w bci e these conditions do not exist The correlation which exists between 
< <)nsuni,ition of opium and percentage of Sikhs in the population of a locality is 
shown in Graph 1 The variation in the percentage of the population of different 
conimnmties and the consumption of opium m seers per 100 of the population in 
the 1 arious districts is depicted in the form of curves The graph is self-explanatory 


Geaph 1 

Shoivinq forcentage of population of different communities in different dish lets of the 
Puniab loith incidence of opium consumption per 100 of population during 

the year 1929-30 
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The opium curves shows four peaks indicating increased consumption The first 
peak IS over the district of Ambala where the curve of the >Sik]i population also 
shows a corresponding rise The rise of opium consumption runs almost parallel 
with the rise m the percentage of the Sdchs m the population of the districts of 
Hoshiarpur, Julluiidur, Ludhiana and Amritsar This correspondence of the two 
curves, however, is not so exact in case of Ferozepur and Lahore districts The 
cause of this discrepancy here is in all probabiht} that in these districts the Hindu, 
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Tlie percentage of Sikhs is highest (56 13 per cent) in Moga tahsil of Ferozepur 
district and it shows a consumption of one seer pei 100 of population, nhereas the 
Fazilka tahsil of the same district has a percentage of 13 45 of Sikhs and shows the 
consumption to he only 0 20 seeis per 100 of the population Again the Chnnian 
tahsil with 17 per cent of Sikh population shows a consumption of 0 28 seers per 
100, while Kasur tahsil of the same district with 23 96 per cent shows a consumption 
of 0 6 seers per 100 Jagroan tahsil, with 48 2 per cent of Sikh population, shows 
a consumption of 0 6 seers per 100, and Samrala tahsil, with 36 7 per cent of Sikh 
population, shows only 0 21 seers per 100 The other two small rises in consumption 
of opium are over Eawalpindi district and Lyallpm district and these correspond 
moie or less with the rise of the cur\e of the Sikh population 

It will he seen, therefore, that the Sikh community as a whole is much more 
addicted to the use of opium than other communities in the Punjab It is very 
difficult to assign any defimte reasons for this high incidence of consumption among 
these people Attempts have beenmadetoshowthattheopiumhabitwascommon 
in those areas where the drug was grown, and that as it was chiefly the agriculturists 
who giew opium they became addicted to the drug The Sikhs being an agricul- 
turist class were, therefore, larger consumers of opium This explanation may 
appear to be plausible, but a closer examination shows that it is not borne out by 
facts Thus, m Ferozepur and Ludhiana districts there is a large Sikh population 
wlio have ne\er cultivated poppy on a large scale, and yet they show the highest 
consumption m the province The best opium-producing district was Shahpur 
with a high percentage of Mohammedans, and this shows a very low consumption 
The probable explanation of this high consumption is that the Sikhs, being a martial 
race, have undergone terrible hardships and physical strain durmg the last century 
and a half They learnt the use of the drug during this period of adversity 
and have kept it up It is worthy of note in this connection that the Rajputs, 
w'ho aie also a martial race, are greatty addicted to this drug , according to 
some authorities they consume much larger quantities than the Sikhs It has 
also been observed that the use of intoxicants and similar drugs always shows 
increase during and after the period of wars It must be stated, however, 
that many of the other martial races in India such as the Punjabi Mohammedan, 
Pathans, Gurkhas, Dogras, etc , do not use opium or other intoxicants 

Is opium addiction on the inci ease ? The only practical method at our disposal 
to determine the increase or decrease of opium addiction in the province is from 
the study of the figures of the sale of opiim’ m the excise reports This, however, 
IS only a rough method The accurate method would be to count the addicts 
during a census, which for obvious reasons is not a practical proposition A study 
of the excise statistics of the Pimjab from 1901-1930 shows that the consumption 
of opium in the province has fallen by 31 per cent A perusal of Table II shou s 
that up to the year 1912-13 the consumption of opium uas on the increase, and 
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f ii'tf in (Ills \ car i( r« 'u In d i|s lijt,di* nfitrw h (ih "iS ! u, , 'ri 

of ! .s ,w.r , , , ,1 f r .. ' riiisrnransnn jncroaso 

.lM“l,n.sI . V) ‘Imt nr (iH-mns, mipl, on hns 

^•^n In tiu\' ‘"‘'■•‘‘‘'''''''''‘’"'"pf'onovorfhopreMons 

•IS fo (!,,. “ 'V'^i '’"(oi into fletails 

fonsinnnfi il " <!iif tiiatir.ns m tiio fi^nins of opium 

I’onjab, fo, (ln>..^c.so%uro5arovltLd 

a ,0 \ iUnu \ ^ uli, n ‘ home ^rowii opium wiife large!) used, 

ilisfnrfs, '' ^nuUmmU ,n On distrM returns .\mhaia and Kama! 

ions, m T ’* It preparation for 

consurnlV"^' I ''Hght of (his opium is returned as 

tJins 17 f ^ ^ <^‘piom IS leturiied as consumed, 

nor rnid <nor In (ln‘ same \\a) tshahpui and ]\Iah\a opium lost 38 

hofnro ^ drMiig In formei (la\ s, pul Jm ’ opium u as prepared 

sinfir " i'"* opium ujlh water, nii} scum rising on the 

and fli" 1^'' I^oid opium decanted and passed through fine cloth 

ciror tr^ ^ Iv consntcnc) This preparation introduced a slight 

error tlie cMenf of winch ,s clifiKult to asceita.n 

fn f-Jir. ojmim into the pioMiico has constantly been going on 

.T 7 .7 Admim'^lraUon Pcporls of If)23-2d the following passage occurs — 

of evp 7<5 oir t bib lemnihable reduction m the consumption 

and sTTill? ‘T nwicnsc at a rapid rate of the illicit 

been n bnsnot been suflicicntly noticed Consequently there has 

habir® nf +i complacent satisfnc tion at the supposed improvement m the 

distilln+i ^ Pbe facts disc losed in the report as to the existence of illicit 

faef-nr 70 1 indicate that there IS less reason foi satisfaction ’ This 

dTffiP 77 lf ^^’°”Sli fbe extent to w^hich it vitiates the figures is 

difficult to ascertain with any degree of accuracy 

rnfo? i 'i^hole, the figures, as they stand, show' a drop of 31 per cent in the 

consumption of opium m the province from 1900-01 to 1929-30 In Graph 2 
JOn'i? consumption of opium per 100 of population m 1901-02, 

79 n, / 1929-30 The progressive decline m opimn consumption after 1913-14 

977 f 1 1 vious This fall IS undoubtedly due to the measures introduced by the 
es rom time to time to reduce excessive consumption in accordance with 
*/ 7 ?^^m 7 agreed to by the League of ISTations These measures are 

h. / n imitation of poppy cultivation The cultivation of the poppy has 
^ a ua y cut down in the Punjab The growing of tlie poppy for production 
of opium IS nowadays entirely limited to a small area m the Simla Hills The 
pioduetron arid preparation of opimn lias been centralized, and tbe Central Govern- 
cn un er <a e to manufacture and distribute it to various provincial governments 
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according to tlieir requirements This has stopped promiscuous cultivation of the 
poppy in rural areas, and has in this ivay removed from the doors of the rural 
population the temptation of eating opium 

(2) The mcrease in the retail price of opium The actual sale puce has 
increased from an average of Rs 25-14-4 per seer in 1901-02 to an average of 
Rs 100 per seer in 1929-30 


Graph 2 


Co 7 isumption of opium in the Punjab in seers pei 100 of population 
in the different districts during the years 1901-02, 1913-14 
and 1929-30 



(3) The introduction of the system of ‘ rationing ’ in the issue of opium to 
vendors This has greatly helped m keeping down consumption According to 
this system the vendor caimot get more than a specified quantity of opium, ivhich 
has been worked out from a caieful survej of the local requirements This prevents 
the vendors from encouraging the use of opium in the locality in vhich the shop 
is situated, or selling it m large quantities to the consumers outside the area 
allotted to them 




Ojiiinn llafnf n> tin Pinijah 


(1) 'I'lu (iMrt'ivf tilth* minilM I of i* tnil •^linp-' 'J'lii*' rnnkr'-i the flriif; more 
I'lfht ult t<i pro'uu 'I'h* tuimli' r of In mim <1 ''liop-i ‘•i llmi^ r* tail ojmim wa^' 1,150 
in and in '!l> f hi'* was it-din * d to ti71 

ft h’o in'i'ii ptiint*d out that tlo''!* no 'isii'-i s ha\< re-'tiifed in rofhnina the 
tot li ( onsiiniption of opium h\ tl pei i ont in tiradiial stnj.'(>H \ i losf r stud\ of tlio 
fi'iun"' of opium ( tiiisumption di >(in f 1*\ (h-.fii<f i.m\ < n in 'I’ahle III that the 
ii'dinMon Is not uniform In f^ihori. Shahoui, Deia fla/i Khan and font other 
di-'truts tin It' I'' an nuit'asc whih in all otin'i distints the (onsiimption has 
d(‘( reasfd In Lahore Shahpur and Ihin (.'a/i Jvhan tin risi h jtrobalih due 
to the ajiiK ulturists riow Inumuopi'irn fiotn lut'usfd M'lulor** wheieas preiioiish 
the\ Use I toftiow popp^ and http sonit t>pmm foi then own use In all other 
distiu ts theie Is a lethiition foiii distiitf' show ni” a dtt rease of o\ei 50 pel cent, 
eit;ht show imr a d(‘{ lease above the avtiaire of '51 pel cent and thf renininina 
eiuht disfiKts (I'M bidim; IjVallpui ami Hln'ihhujuiia) showin" a reduction 
below iht' a\ eia^U' (between 5 5 tti d‘5 ])ei (eiil) Tin distiuts which sliow the 
hiuhost { oustnnplion figures also show a compaiative it'din tion, e e , Fciorcpur 
*11 S pt'i cent Ludhiana and Vmritsai 11 5 pt i cent and 50 0 pci cent rcspcctn ch 
e\( ept Lahoie w likli show s an nuit'as*' of (>5 pei cent Prom tliese figuies it 
would appeal that >(110 mcnsuios adopted have attnmed a great dcgiee of 
bucccss Tlie limit of lestnctne mensines, however, seems to have been 
icachcd, and am fuifhei incie.ise of pnoe will defeat its own object, because 
the lugli excise diilv, wliicli meieases the sale jnice and meroases the difficulties 
in the way of tlio people piocunng the cliug, stimulates smuggling Fiom our 
work in the field we aie convinced that the limit lias been leaclied, for the 
present, at any late, in that diiection, and tliat fuithoi measures foi reducing 
consumption will liave moic chance of success if dncctcd tow aids compulsory 
registration of addicts, etc 

Prom the above discussion it is cloai that the excise statistics help only to a 
limited extent to gauge tlie leal extent of opium addiction in the Punjab e aie 
inclined to believe that if the measures adopted liave not lesiilted m matenall} 
reducing the numbei of addicts, tliey have ccilainly resulted in the addicts con- 
suming less quantity of opium daily than in foimei days Fioni the enaUsis of 
cases appended to the repoit of the Roval Commission on Opiimi of 1805, the 
aveiage dose was calculated at 18 grains pei addict per day The average dose in 
our senes of 1,070 cases wmrks out to be about 13 grains a day Although it is sai 
that some of the addicts used to take as much as ] to 3 tolas (i e , 180 giams 
grains) a day, during the coiuse of our investigation w'e have not met anyone ta uPo . 
more than 90 giams a day The addicts tiiemseh^es admit that thev have to re uce 
their daily dose owing to the enormous inciease m the price of opium llhereas 
180 grams (one tola) of opium cost the consumei 8 annas m 1910-11, he had to pay 
three times as much for that amount in 1929-30 Besides, the cost o o 
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necessities of life lias also gone up considerably, whilst the wage-earning capacity 
of the people generally has not increased correspondingly Having regard to the 
figures of the average dose as given in the report of the RoA’^al Commission on Opium 
and the average dose worked by us it is possible that the reduction m the daily dose 
can fully account for 31 per cent reduction in the total quantity of opium consumed 
in the province 7 ^ presiuuption, therefore is that the total number of addict"! 
m the proi mce has not decreased to any appreciable extent It certainly has not 
increased, though it must be admitted that in certain localities, especially in large 
towns, addiction to opium among young neurotic individuals has shov n a remark- 
able increase 

We hav e also tried to ascertain the number of addicts m a locality by counting 
them This is a very difficult procedure because the persons taking opium and 
their friends are often not anxious to give the information, and a certain number 
of addicts keep the habit secret even from their relations and friends In localities 
where there is a great deal of smuggling, opium eaters generally keep the habit 
secret for fear of being prosecuted Their friends also withhold information oven 
when they know certain persons are opium addicts It is said that anybody can 
detect the so-called ‘ dope fiend ’, but we know from our extensive experience with 
opium addicts in India that it is impossible to detect a person taking opium m 
small or in moderate quantities even after a careful physical examination It is 
only when very large doses are taken that the addicts show obvious subjective and 
objective symptoms of intoxication 

The distribution of opium habit in different localities is very variable In 
certain villages a large number of addicts can be found, whilst in others there are 
few It seems that an addict is like a focus of infection , wherever he is, he 
persuades his fellow" men to take the drug Our work m the field convinces 
us that climate or other environmental conditions, such as damp or the 
prevalence of malaria, do not play any great part m the formation of opium habit 
The chief factors concerned appear to be the instinctive desire of mankind to 
take drugs producing euphoria, along with peculiarities in the temperament of 
certain commumties and races which make them more prone to take these 
drugs than others living side by side with them 

As regards the method of calculating the number of addicts from the statistics 
of opium consumption issued by the excise departments, on the basis of average 
dailv dose of an addict, we have pointed out the factors that vitiate these figures 
There is no doubt, however, that calculations based on these statistics would give 
us the mimmal figures of the addict population We have collected 1,070 cases, 
which mav be regarded as a fan sample, and have worked out the average daily dose 
at 13 grains a day per addict There also a small source of error enters into the 
calculations, namely, the allowance w"hich must be made for the opium used for 
purely medicinal purposes in contra-distinction to that used for addiction 
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Ojnum Habit in the Punjab. 


Accoiding to the League of Nations’ Standard the estimate of opium used for 
medical and scientific nurposes in a locality, where medical aid is efficient is 
12 pounds or 6 seers pci 10,000 of population per annum (0 OG seci per 100) This 
standard, though it can be taken as a rough guide for these calculations, is said 
to be unsatisfactory for a country like India where the standard of medical relief 
is compaiativcly low It has been pointed out alieady that ordinary excise opium 
is used to a vciy limited extent by the medical profession and practitioners of the 
indigenous systems , it is also used to a limited extent as a household remedy 
It IS impossible to deteimine wuth any degree of accuracy the amount used by 
itinerant quacks During the second session of the Geneva Conference, in the 
first mixed meeting of the sub-committee of the Health Committee and the 
Advisoi}’’ Committee on the Traffic of Opium, whilst discussing the legitimate 
annual raedual reqiiiiements of each countiy, Mr (now Sir John) Campbell, 
the delegate for India, thought 15 grains pei head per yeai (or roughly 0 1 seer 
pci 100) might be fixed as the maximum requirement for India He agreed that 
it erred on the side of excess, as under the existing conditions the facilities 
for medical aid W'cre not as adequate as in other civilized countries a safe figure 
w'as required 

In this connection it may be pointed out that our ivork in the Punjab and 
other parts of India convinces us, that the facilities for medical aid existing m an 
area, have little or no bearing on the amount of opium consumed by the population 
We have no doubt that the estimate formed by the League of Nations of 0 06 seer of 
ojiium per 100 as being essential for the medical and scientific needs of the people, is 
applicable to the Punjab just as much as to other civilized countries with a moie 
adequate system of medical relief In support of this it may be pointed out that 
there are many districts in the Punjab wuth lower than the average standard of 
medical relief in this country where the consumption of opium is less than 12 pounds 
or 6 seers per 10,000 of population per annum (the standard laid dowm by the 
League) 

In attempting to determine the minimum number of addicts in a distiict we 
have taken the maximum figure of 0 1 seer per 100 as the amount consumed for 
medical and scientific purposes From the data thus obtained the number of 
addicts in Ferozepur distiict would be 1 54 per cent, of the total population It is 
well known that a very small number of females take opium, and addiction among 
those under 15 years of age is very uncommon The percentage of addicts in 
the adult male population would thus work out to be about 3 6 per cent If 
we calculate in the same way the number of addicts for Moga tahsil, where 
the Sikh population is the highest in the province, the percentage of opium 
addicts is probably tw ice as much, i e , 7 per cent of the adult male population 
Calculations on this basis have been made, but these must necessarily be 
verified by extensive field work, which is not possible with the staff and funds 
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at our disposal Tlie accuracy of our information on this particular point is 
not confirmed 

SUMMAIIY AND CONCLUSIONS 

1 Before the Briti-?!! rule uas established in the Punjab, poppy was grown 
in almost every part of the province without restriction Since the British 
administration has been organwed poppy cultivation and opium production has 
progressiveh reduced At fiist tlie cultivation of poppy was allowed only under 
special license In 1897 the cultivation was stopped by notification under the 
Opium \ct of 1878, exceptions being made only in cases of certain districts 
uheic it formed a staple crop on which the cultivator depended for his livelihood 
In 1907 the cultivation was confined to small tracts, (1) for the production of 
‘ home grow’ii ’ opium and (2) for the production of ‘ post ’ or poppy heads In 1909 
the cultivation for production of opium was altogether prohibited in the plain 
districts , a very limited area for the production of poppy heads was allowed m 
Jullundur and Hoslnarpur districts Total suppression is now in contemplation 

2 The Punjab used to be self-supporting both as regards its supply of opium 
and of poppy heads Owing to the stoppage of cultivation of the poppy most of 
the supply now comes from the Government of India factory at Ghazipur This 
affords a better control 

3 The use of opium for medicinal purposes in the province is very limited 
The medical practitioners use opium and its derivatives to a mnch smaller extent 
than their confreres in the Western countries Opium is very little used by the 
practitioners of indigenous medicine, though itinerant quacks use it fairly 
frequently Opium has never been used as a prophylactic against, or in the 
treatment of, malaria in this part It is used to a limited extent to control 
intestinal fluxes, colds, coughs, etc Its use for admimstration to domestic 
animals is very limited at the present time owing to its high price 

4 The excessive use of opium in the province has no relation whatsoever to 
the insufficiency of medical relief Most of the raw opium sold is consumed by the 
addicts 

5 The average consumption in the Punjab woiks out to be 0 18 seer per 100 
of population per year (as compared with 0 06 seer per 100 which, according to the 
League of Nations, is the amount necessary for the medical and scientific needs of 
the population) The excessive consumption is due to certain communities taking 
the drug habitually By far the largest majority of the population consume even 
less than the standard amount laid down by the League The addiction is not 
wndespread, but is confined to certain communities and certain areas The problem 
IS therefore not serious when the province is considered as a whole 

6 The rise in opium consumption runs almost parallel with the increase in 
the percentage of the Sikhs among the population The areas with a preponderance 
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of the Mohammedans and a large Hindu population consume very little opium 
In the towns opium habit is to be found among all communities, but more so among 
the Hindus and the Sikhs 

7 The reason why the Sikhs are more addicted to the use of opium is not 
clear Probably the fact that they are a maitial lace who have been subjected to 
many vicissitudes of fortune and have undergone much physical strain and stress 
durmg the past century and a half may be responsible The Pajputs who were 
similarly situated are also addicted to opium, but many of the other martial races 
of India appear to show no such tendency 

8 The opium consumption in the Punjab decreased by 31 per cent in 1929-30 
as compared with 1900-01 This decrease is undoubtedly due to restrictive 
measures adopted b}’- the authorities The decrease may be either (1) decrease in 
the number of addicts, or (2) decrease in the quantity taken by the addicts owing 
to its high price The average dose per man per day was v orked out at 18 grains 
by the Opium Commission of 1895, while in our series of 1,070 cases it is only 
13 grains daily The whole of the decrease in the amount consumed can be 
accounted for by this decrease in the dosage 

9 Whatever may be the case, it is certain that opium addiction is not on the 
increase, but has appreciably decreased during the last 20 years 

10 Our work in the Punjab convinces us that climatic and other emiron- 
mental factors, such as cold and damp, prevalence of malaria, etc , do not play 
any great part in leading the people to form the habit of eating opium 

11 The chief factors concerned appear to be the instinctive desire of mankind 
to take drugs which produce euphoria, and also the racial predilection which makes 
certain races and communities living side by side temperamentally more prone 
than others to take to such drugs 

12 The standard laid dou n by the League of Nations regarding the quantitj 
of opium necessary foi the medical and scientific needs of the population holds 
good in th» case of the Punjab 
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SOSIE FURTHER RECORDS OF PELEB0T0MV8 FROM 

AFRICA 

BY 

Liput -Colonel J A SINTON, m d , d sc , i m s 
{From the Malaua Suney of Ivdta Kasmih ) 

[Recen ed for publication, Slav 31, 1032 ] 

Since my previous paper on the sandflies of Africa (Sinton, 1930), collections 
of these insects have been sent to me from Mombasa, Kenya and Transvaal, through 
the kindness of Dr C B Svmes, Dr I I Roberts and Dr B de Meillon respec- 
tn elv, to ill of whom I wish to express my sincere thanks 

Phlebotomus prom Transvaal 

Dr de Meillon has sent a collection of Phlehoto’mus, labelled as follows 
‘Phlebotomus, Letsitelle, Tzaneen, Tvl , South Afr 1-3-32 (Taken in natn e 
hut ) ’ 

This collection contained the following insects — 

Phlebotomus schwetzi Abler, Theodor and Parrot, 1929 

Theodor (1931) has pointed out that the species described by Sinton (1930) 
from Ea-st Africa as P symesi is identical with that pieviously described bv Adler, 
Theodor and Parrot (1929) from the Belgian Congo 

Six females and 3 males of this species were included m the collection from 
Transvaal 

Phlebotomus meilloni SR N 

Four females and seven males of a new species ot Phleboiomtis were received 
from Letsitelle These msects belong to the group with scanty erect hairs on the 
dorsal surfaces of abdominal segments IT-VI, i e , the sub-genus Sintomus of 
Nitzulescu (1931) No other species of this sub-genus have been desciibrd fiom 
Africa, and it is proposed that this one should be named Phlebotomus meiU mi aftei 
its discoverer 

Phlebotouius meilloni t 2 ) 

The specimens were not differentiated in the dry state from P schwetzi with 
which they were mixed m the collection 

( 666 1 
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Appearances in stained and mounted specimens 
The measurenaeiitb of the type and three paratype females are given in 
Table I 

The total length of the insect is about 3 0 mm The cicatrices of a few erect 
and many recumbent bans are present on the dorsum of the abdomen 

The buccal canty (Plate XVIII, fig 2) shows a well-developed mushroom- 
shaped pigmented area The buccal teeth are large and pointed , they are 
arranged in a single, almost straight, row with a slight posterior curve near the 
middle line They number about 16 

The pharynx (Plate XVIII, fig 3) has an armature of minute spines in 
groups arising from small transverse curved ridges The spines on the posterior 
ridges are longer than those on the anterior The greatest width of the pharynx 
posteriorly is about twice that of its narrow anterior portion and its length 
IS about 21 tunes its greatest breadth 

Table I 


Phlebotomus meilloni ( $ 2 ) SP N 


Structures 

i Lengt 
nil 

1 

1* 

hs in nin 
mber — 

1 

2t ! 

1 

13 of ape 

3t 

cimens 

4t 

Remarks, relative lengths, etc 


j 

Head and clypeus 

0 430 






Thoray , 

0 68‘5 





o 

fq 

, Abdomen proper 

1 530 

i 1714 1 

1657 

1 686 1 



Sup olasper ! 

1 j 

0 170 

0 143 



1 


1 

Total length 

2 81 

3 1 

2 93 

1 

1 3 04 



Labium 

■HI 

0 285 

0 270 

Hi 


1 

Pharynx, length 1 


0 183 

0 171 


= 2 33-2 63 V breadth 


Pharynx, breadrh 


0 076 

0 067 

■ 

1 


1 

Segment III ' 

0 300 

0 310 ' 

0 312 

0 290 

= 0 75 X Xn--XVV^r/'^ 


Segment IV 

0 141 

0 147 


0 141 

! IV -1- V < 

5 

o 

Segment V 

0 13S 

1 

0 138 

1 


0 130 

Illixv 

<3 

Segment VI 

0 132 

0 135 


0 126 

! / 

1 

Segments XII-XVI 

0 402 

0 408 


1 0 384 

1 



Total length 

1860 

1885 


1 

1785 

= 6 2 X nird , 4 66 X XII— 


1 

1 




XVIth 


* Tj pe female, 


t Paratype females 
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Table I — concU 




Lcnglli 

[s in mms of specimens I 




number — 





Structures 





Remarks, relative lengths, etc 








1* 

2t 


It 



Segment 1 

0 048 

0 046 

0 048 

0 045 

Relative lengths 2 2, 5 7, 82, 
10, 17 5 


Segment 2 

Segment 3 

0 120 

0 120 


0 120 

1 + 2<3 

cu 

0 174 

0 180 

KfllrUH 


Formula 1, 2, 3, 4, 5 

c3 1 

Cm 

1 

Segment 4 

0 213 

0 228 

■Tn‘B 

0 210 


Segment 5 


0 407 

im 

0 372 


( 

1 

Total length 

0 015 

QQll 

0 012 

0 921 


1 

1 

Length 

2 170 

2 300 

2 141 

2 300 

1 = 13—14 X breadth 

1 

Breadth 

0b41 

OOS5 

0 643 

0 057 

a P 

“ = 1 00—1 81 — = 0 90—0 95 

/8 y 


a 

0 567 

0 585 

0 643 

0 657 

fco 

c 

/9 

0 307 

0 320 

0 320 

0 335 

U 0 

- 1 66- 1 60— = 0 66—0 69 

y a 

& 

y 

0 330 

0 367 

0 330 

0 357 

a 0 


} 

0 385 

0 385 

0 357 

0 370 

- 0 81 — ^ 1 CO-1 65 

B £ 


1 f 

0 083 

0 714 

0 670 

0 013 










e 

1003 

1 143 

1100 

1143 

— p=0 78 =1 05-2 00 

1 

to 1 

Femur 

0 843 

0 943 

0 857 

0 900 

< i X log,. 

O 1 

Tibia 

1 307 

1 443 

1330 

1 357 

— 1 55 X femur , 1 75-1 8 X 







tarsus, seg 1 

a 

Taisus, sog 1 

0 720 

0 827 

0 757 



w 








Tarsus, segs 2-5 

0 757 

0 814 

0 785 


> 1 5th leg 







(Not including coxa and tro 


Total length 

3 63 

4 04 

3 73 


chanter ) 


Snermatlioca, length 
Spennatheca, breadth 

0 043 

0 013 

0 042 

0 014 

0 036 

0 013 

0 042 

0 013 

= 3 X breadth 


* Type feinaK -j- Paratype females 


The antenna (Plate XVIIT, figs 4 to 6) have paued geniculate spines on 
segments III to XV , these are comparatively short Segment III is very long 
(about 0 S mm ) and reaches slightly bevond the end of the proboscis This 
segment is longer than the combined length of segments IV and V, but only 
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about tkree-fourtbs that of segments XII-XVI Tbe terminal segment is 
distinctly elongated 

Tbe joaZji (Plate XVIII, fig 10) has a formula of 1, 2, 3, 4, 5 and tlie relative 
lengths of 'tbc segments in 4 siiecimens averaged 2 2, 5 7, 8, 2, 10, 17 5 The 
combined length of segments 1 and 2 is slightly less than that of 3 Xewstead’s 
spmes are situated on the basal third of segment 3 and aie about 10-12 m 
number 

The ivmg (Plate XVIII, fig 1) is broadly lanceolate and about 3 4 times as 
long as broad /? is about equal to y, while both these lengths are much smaller 
than a , the ratio S over a is about 0 66 

The htnd leg is about 6 tunes the length of tarsal segment 1 and is much 
longer than the wing The femur forms about 0 23 of the leg length , the 
tibia IS about tunes the length of the femur and 1| tunes that of tarsal 
segment 1 

The spe7matJieca (Plate XVIII, fig 7) is sausage-shaped and is about 
3 times as long as broad , it shows marked crenulation into 10 segments and 
the head is small The spermathecal ducts (Plate XVIII, fig 8) aie very 
long, being about 8 times the length of spermatheca , these ducts unite into a 
common tube close to the vulva 

Phlebotomus meillom ( <S ) 

The measurement of the tjqie and three paiatype males are given in Table II 
The relative lengths were determined from the seven specimens available 


Table II 

Phlebotomus meillom ( c? c5' ) N SP 



Lengths in mms of specimens 



number — 




Structures 






Remarhs, relative lengths, etc 


1 

2 

3 

i 

4 



Clj'pous and head 

0 357 

0 400 

I 0 400 

0 430 



Thorax 

0 585 

0 643 

0 714 

0 743 



Abdomen proper 

1428 

1 643 

1 643 

1 930 


0 

n 

Sup elasper, seg 1 


0 294 

0 315 

0 315 



Total length 

2 64 

2 98 

3 07 

3 4 


Labium 

0 257 

0 264 

m 

0 285 


Pharynx, length 

1 0 150 

0 165 


0 180 

=2 4 — 2 8 X breadth 

Pharynx, breadth 

0 053 

0 057 


0 063 
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Structures 


cs 

C3 

C 

3 

Segment III 

Segment IV 

Segment V 

< 

Segment VI 
Segments XII-XVl 

j 

Total length 


Segment 1 


Segment 2 

Segment 3 

Segment 4 

Segment 5 

i 

j Total length 


Length 


Breadth 


a 

S’ 

n 

£s 

y 


h 


£ 


e 


Femur 

bo 

Tibia 


Tarsus, seg 1 
Tarsus, segs 2-6 


Total length 


Table II — contd 


Lengths in ninis of spcoimons 


nurabor — 








Komarks, relative lengths, etc 

1 

2 

3 

4 

0 100 

0 306 


0 400 

=0 83-0 90/ XII-XVI 

0 177 

0 180 

0 210 

■iMIn 

IV + V < ni 

0 lej 

0 171 

0 192 


lomnila 

0 160 

0 105 

0 183 



n 405 

0 420 

■lEKjn 

■jCBS 


2 070 


H 

2 310 

=5 75— G Ox nird. 





6 0— 6 28xXII-XVf 

0 048 


0 051 

0 051 

Relative lengths 2 1 , 6 8, 82, 





10, 17 9 

0 120 


0 141 

0 138 

1 -r 2 S 3 

0 174 

itil 

0 196 



0 213 


0 240 

■ilgM 

Formula 1, 2, 3, 4, 6 

0 375 

m 

0 423 

nn 


0 936 

1006 

1060 

1063 


2 000 

2 214 

2 343 

2 400 

=3 6—3 8x breadth 

a P 

-^=1 26-1 66 —=0 83-1 17 

y 

0 620 

0 686 

0 660 

0 664 

0 467 

0 600 

0 670 

0 600 

a h 

0 340 

0 386 

0 385 

0 370 

—=1 36-1 62 —=0 60-0 73 





y a. 

0 328 

0 328 

0 370 

0 428 

a e 

—=0 77—0 80 —=1 60-1 80 

0 286 

0 314 

0 367 

0 380 





e € 

0 570 

0 643 

0 700 

0 743 


1028 

1 143 

1 214 

1214 


^ 0 





197 

0 800 



0 943 

=0 22 /length leg 

1 300 

1 467 

1 685 

1643 

= 1 62-1 67 X femur , 1 72-1 76 X 
tarsus, seg 1 

0 767 



0 886 

0 714 

0 786 

0 857 

0 843 

= 1 6th leg 

3 67 

3 97 

4 33 


(Not including coxa and trochanter ) 
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Table Jl—co7icld 



Structures 

Lengths in nims of specimens 
number — 

Kemnrks, relative lengths, etc 



i 

1 

2 

1 

3 

4 


Sup clasper, seg 1 

0 270 

0 204 

1 

0 316 

0 315 

=2 IS X seg 1,1 10 X inf clasper 


Sup clasper, seg 2 

0 123 

0 135 

0144 

0144 


cd 

Intermed append 

0 210 

0 225 

0 250 

0 265 

—0 76-0 81 X seg 1 


1 Intromittent organ 

0 174 

0 190 

0 210 

0 210 

=0 SO-0 84xintermcd append 

<0 

C5 

Genital filament 

0 105 

0 090 

7 

1 

0 108 1 

(Length protruded ) 

1 

Inferior clasper 

0 240 

0 270 

0 280 

0 280 

= 1 30-1 36 X subgon lamella 

i 

Subgen lamella 

0 ISO 

0 204 

0 213 

0 216 



The total le7iglh averaged about 2 9 Bain The cicatiices of a few ei ect hairs 
are visible on the dorsal surfaces of segments II-IV of the abdomen 

The buccal cavity (Plate XIX, fig 13) has a small but distinct turnip-shaped 
pigmented area The buccal teeth are about 10 m number , they are wider than 
m the female and in many instances show serrated ends The phai ynz fPlate XIX, 
fig 14) resembles that of the female but is less markedly dilated posteriorly , the 
armature is less well developed 

The antenna (Plate XIX, figs 16 to 17) has a unilateral spine on each of 
segments III to XV , these are compaiatively short Segment III is very long, 
in some cases 0 4 mm , and reaches well beyond the tip of the pioboscis This 
segment is about the same length as segments IV and V combined 

The palp (Plate XIX, fig 12) has a formula of 1, 2, 3, 4, 5 and the relative 
lengths of the segments averaged 2 1, 5 8, 8 2, 10, 17 9 Newstead’s spines are 
situated on the basal third of the 3rd segment and are about 6 in number 

The iving (Plate XIX, fig 11) is relatively narrower and more pointed than 
in the female, being about 3 7 times as long as broad fS is almost equal to y, 
while each of these lengths is only about half that of a , the ratio 2 over a is 
aboiib^O 64 

The hind leg is about 5 times the combined length of tarsal segments 2 to 5 and 
IS muchuonger than the wing The femur forms about 0 22 of the leg 

Theinale genitaha (Plate XIX, fig 39) are of the minulus type The distal 
segment o\ the superior clasper bears 4 large curved spines with spatulate ends 
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Two of these arc apical and two sub-apical , they are nearly as long as the segment 
which hears them Tlie small non-deciduoiis spine arises near the level of the sub- 
apical spines (Plate XIX, fig 20) The intromittcnt organ (Plate XIX, fig 18) 
has a pointed end and in five of theseren specimens the genital filament is 
markedly protruded , this filament has a truncated end The pompetta lies 
about the 6th abdominal segment 

Diffoenhal dtagnosi't of P meilloni 

So hr no species of the sub-genus Sintonius have been described from Africa, 
but in Asia it is represented by P liosjnhi, P chistopJieisi, P clydei and 
P liberiadts The morphology of the buccal and pharyngeal armatures at once 
difteicntiates P meillom from these species In addition — 

(a) P hospilii Smtou, 1924, has a similar palpal formula but segment 2 is 
relatuel) shorter , none of the spines on the distal segment of the superior claspei 
arc markedly sub-apical and the non-deciduous spine is markedly proximal to 
these sjuncs 

{h) P clinslopliersi Sinton, 1927, has a much shorter Illrd antennal 
segment, the end of which does not nearly reach the tip of the proboscis , the 
palpal formula is 1, 2, 3, 4, 5 , the wung has a different venation and its 
length is more than 4 times its breadth , the inferior clasper is about equal 
111 length to segment 1 of the superior clasper and the non-deciduous spine is 
distinctly proximal to the other spines of the superior clasper, which are grouped 
more apically 

(c) Phlebotomus clydei Sinton, 1928, has a much shorter Illrd antennal seg- 
ment, which does not reach to the end of the proboscis , the palpal formula is 1, 2, 
4, 3, 5 , the wung has a different venation and is about 4 times as long as broad , the 
inferior clasper is about equal to segment 1 of the superior clasper and the non- 
deciduous spine IS distinctly proxunal to the other spines of the superior clasper, 
which aie grouped more apically 

{d) Phlebotomus tibei ladis Adler, Theodor and Lourie, 1930 This species ivas 
described by Adler and Theodor (1929) as ‘ Phlebotomus sp near clydei Sinton ’ 
It IS only 1 5-1 8 mm long , the palpal formula is 1 2, 4, 3, 5 , a is much shortei 
than ^ , S IS very small , the pigmented area is heart-shaped and very faint , the 
pharynx is unarmed , and the spermathecal ducts end separately 

Phlebotomus africanus var magnus NOV vAR 

One female specimen lesemblmg P africanus New^stead was found in 
the collection from Letsitelle Unfortunately the antennse and most of the 
legs were missing The measurements of the remaining portions aie given in 
Table III 
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Table III 


Phlebotomus africanus VAR magnus ( $ ) Nov VAR 



Length 



Clypeus and head 
Thorax 

>> Abdomen propei 
Superior clasper 


Total length 


Labium 

Pharynx, length 
Pharynx, breadth 


Remarks, relative lengths, etc 




— 2 96 X breadth 
= 2 1- X narrou est poi lion 


040 Formula 1, 2, 3, 4, 5 

080 Relative lengths 26, 60, 87, 10, 198 

140 1+2 << 3" 

160 

318 3rd seg mcrassate N’s spines ^e^y numerous 


1 770 3 7 X breadth , 2 6 x femur 


a B a 

0 270 - = 0 79 — = 1 41 —= 1 11 

p 7 y 


S a 0 

0 243 — = 0 42 — = 0 63 — ^ 2 06 

a £ £ 


a ^ Wing 

— ~ = 0 69 =20 


Spermatlieca, length 0 066 

Spermatheua, breadth 0 024 


0 066 = 2 75 X breadth , 
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Tins specimen differs m several particulars from the descriptions of 
P oJ')\canvs fiom Palestine given by Adler and Theodor (1926 and 1927) and by 
Sinton (1930), and more closely icsemblcs that given bv Adler, Theodor and 
Parrot (1929) for specimens from the Belgian Congo It seems vorthy of varietal 
rank and it is proposed that it be called P afncamis var magm/s 

From the measurements it w ill be seen that the \ ariet}’' more closely resembles 
P frcctouncnsis (Sinton, 1930) than P afy-icanus, but the buccal teeth arc only 
about '10 in number as in the latter species and the pharjngeal armature is very 
similar (Plate XX, figs 32 and 33) but the spines appear to be more iiumeroii®, 
1 c , intermediate bctivcen P (if)icamis and P fi edownensis 

The specmieii also differs fiom the typical P afncamis of Palestine and India 
III its larger size its broader and less lanceolate wings, the larger size of « and 2 
the combined length of palpal scerments 1 and 2 is very much less than that of 3, 
which segment is distinctly shorter than 4 and the spermatheca is relatn ely longer 
and narrower being about 2^ times as long as broad 

Phlebotomus from Mombasa 

Three collections of sandflies w'crc received from Di C B Symes from 
Mombasa, m which w'crc found the following species — 

Phlebotomus schwetzi Adler, Theodor and Parrot, 1929 
{a) ‘ Maich, 1930 ’—36 <? c? , 117 £ ? (6) ‘ Houses, 3-6-30 ’—7 6 6 > 

29 $ 5 (c) ‘ Prison, 24-4-30 ’—5 d (J , 22 ? 9 

Phlebotomus yusaii Sinton, 1930 

(a) ‘March, 1930’ — 2 9 9 (6) ‘Houses, 3-6-30’ — 4 9 9, 3 d 6- 

(c) ‘ Prison, 24-4-30 ’ — 1 d 

Phlebotomus africanus Neivstead, 1912 
(a) ‘ March, 1930 ’ — 1 d (6) ‘ Prison, 24-4-30 ’ — 1 9 

Phlebotomus meillom var suberectus NOV vap 

In each of the collections ‘ March, 1930 ’ and ‘ Prison ’, a single male belonging 
to the sub-genus Stntomus were found These specimens resemble P meillom but 
differ m several important particulars These insects have been placed 
provisionally as a variety of P meillom, but it seems probable that, when the 
females are found, it will be seen to be a distinct species 

The measurements of the two specimens are given m Table IV and drawin'^s 
of the different parts in Plate XX, figs 21 to 30 
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Table IV 

Phlebotomus meilloni var suberectus id d) NOV VAR 


Structures 

Length in mms 
of specimens 
number — 

Remarks, relative lengths, etc 

1* 

2t 


Clj’^peus and head 

0 500 

0 430 



Thorax 

0 714 

0 685 


4 

f 

Abdomen proper 

1 670 

1 757 



Sup clasper, seg 1 

0 321 

0 300 



Total length 

3 2 

3 2 



Lahium 

0 257 

0 267 



Pharyux, length 

0 163 

0 165 

— 2 5 X breadth 


Pharynx, breadth 

0 066 




Segment HE 

0 360 

0 340 

= 0 83 X XII-XVI 

ed 

Segment IV 

0 165 

0 160 

IV + V < in 

§ 

o 

Segment V 

0 156 

0 163 1 

Formula Ui-XV 

a 





< 

Segment VI 

0 153 

0 144 1 

i 


Segments XTE-XVI 

0 430 




Total length 

2 110 

1 

1 

= 5 8 X Illrd , 6 0 X XII-XVTth 


j Segment 1 

0 054 

0 054 

Relative lengths 20, 47, 72, 10, 17 8 

! 

cu : 

Segment 2 

0 126 

0 126 

1 + 2 < 3 

cd 

CM ' 

Segment 3 

0 192 

0 192 

i 


Segment 4 

0 270 

0 261 

Formula 1, 2, 3, 4, 5 


Segment 5 

0 504 

1 

0 444 



Total length 

1 146 

1 077 



• Type male 


T Parat 3 pe male 
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T.umF 

IV — Goncld 



Length in mms 




of speomenB 



Structures 

number — 

Remarks, relative lengths, etc 



1* 

21 



lionglb 

2 2Q0 

2 257 

= 1 33 X breadth 




n (3 


Breidth 

0 070 

0 080 

-K- = 1 86-2 I -4— = 0 88-0 01 

P y 


a 

n ISj 

0 011 

n S 

c 

(i 

0 014 

0 300 

— = 1 04-1 87 — =0 00-0 72 

y “ 


y 

0 0'>7 

0 325 



0 

0 400 

0 443 

— = 0 82 =1 57-1 04 

£ f 


1 

0 714 

0 743 

^ i 





a -J- ^ Wing 


e 

1 170 

, 1 170 1 

! 

•^'^ = 0 77 0 -192 

1 

Femur 

0 930 

0 S85 

1 

to 1 

V 

Tibia 

1 500 

1 370 

= 1 60 X femur , 1 7 X tarsus, seg 1 

Tarsus, seg 1 


0 800 

ta 

Tarsus, cegs 2-5 


0 814 

j > I 6th leg 

Total length 


3 87 

1 

1 



Sup clasper, sog 1 
Sup clasper, seg 2 

0 321 

0 306 

= 2 16 X BPg 2 , 1 06 X inf clasper 


0 150 

0 141 

< i Beg 1 

5 

Intermed append 

0 240 

0 246 

= 0 77-0 80 X seg 1 

Intromitteiit organ 

0 195 

0 200 

-= 0 80 X intermed append " 

e3 

Gemtal filament 

0 330 

0 136 

(distance protruded) 

E 

Infenor clasper 

0 300 

0 290 

= 1 47 X “ubgen lamella , 1 18-1 22 y intermed 

o 



append 


Subgeii lamella 

0 204 

0 198 



* Type male t Paratype male 


Differential diagnosis 

This variety differs from P meilloni type m the following characters — 

(a) The buccal teeth, number about 22-25, are much smaller and the 
row shows a distinct concavity backwards (6) The pharynx is more dilated 
posteriorly (c) The non-deciduous spine is distmctly proximal to the other 
spines on the distal segment of the superior clasper, and of these the sub-apical 
pan: are more proximal than in the type {d) Segments 2 and 3 of the palp aie 
relatively shorter (e) The antennal spines are relatively longer {f) The 
wing IS relatively wider {g) The ratio a over fi is greater, 



576 


Some TJ'n'itliet Reco'ids of Phlebotomus jroin Afizca 

Phlebotomus FROJr Kenya 

Dr Eobeits sent a collection of 6 males and 7 females Phleboiomvs labelled 
‘ Taveta, Kenya About 2,000 ft 28-] 0-30 Biting vicionsl} ’ 

These specimens all belonged to the species described by Tlieodoi {193]) as 
PMeboiomi(s imioohensis 

It IS interesting to note that Theodoi (1931) says ‘ onl}^ two species of the 
vnnulus group have been observed so fai to bite man. P schwetzi (Schwet/, 1928) 
and P bahu (Lloyd and Napier 1930)’ P ‘>mirohensis must theiefoie be added 
to the bst of human pests 

SUMAIARY 

Desciiptions aie given of one new specie® of Phhbotomus (P meillom) and two 
new varieties (P meiUomyai si<6e) ec/tis and P afiicanits vsxr magniis) horn Aiuc{\ 
Flesh records of the African distribution of P schwetzt, P nmiobiensts, P yusafi 
and P afneanus are also noted 
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Explanation op Plate XYIII 
Phleholomiis •>neiUo7n ( 9 ) 


Pig 

1 

Wing 

>> 

2 

Buccal cavity 

99 

3 

Pharynx 

15 

4 

Antenna, segment III 

99 

5 

Antenna, segment IV 

99 

6 

Antenna, segments XIV-XVI 

99 

7 

Spermatbcca 

99 

8 

Spermatheca and sperraatliecal duotp 

99 

9 

Furca 

99 

10 

Palp N — ^Newstead’s spines. 



Plate XVIII 





Explanation op Plate XTX 
Phlebotomus meillom ( c? ) 

11. Wing 

12 Palp N — Newstead’s spines 

13 Buccal cavity 

14 Pharynx 

15. Antenna, segment III 

16 Antenna, segment IV 

17 Antenna, segments XIV-XVI 

18 Intromittent organ 

19 Male gemtalia 

20 Distal segment of superior clasper 




Explanation of Plaie XX 


Phlebotomus meillom var subereclus ( <? ) (^g- 
afiicanus var magnus ( ? ) ( ig® 


21 to 30) and Phlebotomus 
31 to 33) 


Fig 

21 


22 

l> 

23 

99 

2i 

91 

25 

99 

26 

99 

27 

99 

28 

99 

29 

99 

30 

99 

31 

99 

32 

99 

33 


ll\(T 

istal segment of superior clasper. 
ale genitalia 

ntenna, segments XIV-XVI 

ntenna, segment IV. 

ntenna, segment III 

alp N — Newstead’s spines 

harynx 

luccal cavity. 

ntermediate appendages and intromittent organ 
loerraatheca 


Pharynx 
Buccal cavity 


from above 
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NOTES ON SOME INDIAN SPECIES OF THE GENUS 

PHLEBOTOMTJS 

Part XXXI 

PHLEBOTOMUS EADITHM N SP 

B-V 

Lieut -Colonel J A SINTON, m d , d sc , i m s 
{Fiom the MaJana Swiey of India, Kasatih ) 

[Received for publication, June 28, 1932 ] 

During 1927 two female specimens of Plilebotomus, collected at Saugor, 
Central Provinces (c 1,700 ft ), on 3rd August, ivere received from the Officer- 
in-Chaige, District Laboratory, Mhow One of these was P while the 

other, an incomplete specimen, was labelled provisionally P hosptiii var , pending 
the receipt of other specimens of the insect which seemed to be a new species As 
no further specimens have been received since then, it is proposed to describe this 
species as Plilebotomus eaduhee 

Phlebotomus eadithse N SP ( 9 ) 

No description of the insect is available in the dry state 

A]}pearances in stained and mounted specimen 
Tlie measurements, etc , of the type female are given in the Table 


Table 

Phlebotomus eadithEO ( 9 ) N sp 


Structures 

1 Length 
in 

mm 

Remarks, relative lengths, etc 


Clypeus and head 

1 0 430 


>1 

Thorav 



o 

Abdomen proper 

1285 



Supenor clasper 

0 143 



Total length 

2 60 



( 577 ) 
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Table — eoncld 


Structures 

Length 

in 

mm 

Remarks, relatne lengths, etc 


Labium 

0 225 



Pharynx, length 

0 186 



Phaiynx, breadth 

0 063 



Segment III 

0 150 

III < IV f V 


Segment 

0 088 


P 

P 

Segment V 

0 087 

Formula - IV-XIII ^ ^ 

-4^ 

P 

Segment VI 

0 0S7 



Segments XII--KVI 

1 

1 


1 Segment 1 


Formula 1, 2, 3, 4, 5 


Segment 2 


Relative lengths 2 3 , 5 8, 9 2, 10 , ’ 


Segment 3 


1 -b 2 < 3 

P^ 

Segment 4 


Newstead’s spines 20 or more 


Segment 5 

■H 

- 


Length 

1 857 

3 82 X breadth 


Breadth 

0 485 





a B a 


a 

0 257 

= 0 64 - = 1 66 - = 0 85 




P y y 


/3 

0 400 


1 

bO 1 



d 6 a 

P , 

7 

0 300 

— = 0 33 — = 2 28 — = 0 64 




a E £ 




a -h 13 Wing 



0 085 

'T~ = 0 72 -0^=203 


E 

0 400 



e 

0 914 



TT 

0 100 



Sperraatheca, length 

0 070 

— 4 6 X breadth , 12 crenulations 


Spermatheca, breadth 

0 015 

f 


The total length of the insect is about 2 5 mm Cicatrices of both erect and 
recumbent hairs are present on the dorsal surfaces of abdominal segments 
II to VI 

The buccal cavity (Plate XXI, fig 2) has a well-marked armature of about 35 
large, pointed teeth These are arranged in a contiguous row with a maiked. 
posterior convexity near the middle line The pigmented area (Plate XXI, fig 2) 
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IS well developed and is slinped like a low tiuncated cone with the apex pointing 
anterioily 

Thep/iaiyiia (Plate XXJ, fig 7) has a pooily developed armatnic of minnte 
spines Tlic greatest width of the phaivnx postcrioily is about 22 times its narrow 
antcrioi poition and its length is about 3 times its gieatest breadth 

The anlcnnrv (Plate XXI, figs 4 and 6) aie unfortunately incomplete, and. no 
segments are pie=ent bev ondXIII Paired geniculate spines are present on segments 
R" to XIII iiu Iiisp e, but there seems to be only one spine on segment III, a point 
w'hich will lequiic conrnmation when othei specimens are available The spines 
are short and stout Pemnent III is about 0 15 mm long 

Tlie pal}, (Plato XXI, fig G) has segment 5 missing on both sides The formula 
seems to be 1, 2, 3, 4 5 and the relative lengths of the segments present arc 

2 S, 5 S d 2, 10 New stead’s spines are situated on the basal third of segment 

3 and numbei about 20 (^) Segments 1, 2 and 3 aic veiy stout as compared 
w ith 4 

The mvg (Plate XXI, fig 1) is about 3 8 times as long as broad a is much 
shorter tlian /S, wdiich is equal to e , /S is much greater than y, w'hile a is less than 
y , the ratio S over a is about 0 33 

The spermalliccw (Plate XXI, fig 8) is sausage-shaped and has about 12 
segments It is about 4i times as long as bioad and has a small head 

DifferenUal diagnosis — This species belongs to the group with both erect 
and recumbent hairs on the dorsum of the abdomen (Sinton, 1928a), the group 
which Nitzulescu (1931) has named sub-genus Sintomus Four species of 
this sub genus are recorded from Asia, nameh’’, P liospiHi, P chnstophersi and 
P clgdci from India and P hbertadts from Palestine One species P mcillow 
has been found in Africa 

The followung are the points of differentiation from these species from P 
caditlice (a) P hospiln (Sinton, 1924 , 1932) has over 50 buccal teeth which are 
arranged in an almost straight row , the Illrd antennal segment is about 0 27 mm 
long and is greater than tlie combined lengths of segments IV and V , the relative 
lengths of the palpal segments is about 2 1, 6 4, 8 4, 10, 18 1 , a is much greater 
than /3 , y is much larger than /3 , and the ratio t over a is about 0 66 (6) P 
cliristoplieui (Sinton, 1927, 1932) has a palpal formula of 1, 2, 4, 3, 5 , the 
pigmented area is poorly developed , the buccal teeth are few and small , /? is equal 
to y (c) P chjdei (Sinton, 1928 , 1932) has a palpal formula of 1, 2, 4, 3, 5 , 
the pigmented area has not a truncated apex , the buccal teeth are only about 
10 to 15 and ^ is equal to y {d) P hbeiiadis (Adler and Theodor, 1929, 
Adler, Theodor and Lourie, 1930) has a palpal formula of 1, 2, 4, 3, 5 , it is less 
than 2 mm in length , the pigmented area is smaller , the buccal teeth only 
number about 16 and the speimatheca has only 6 to 8 segments (e) P meillom 
(Sinton, 1932«) is about 3 mm in length , the relative lengths of the palpal 
MU 1 K 
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0 9 7 82 10 17 5 tliepiginented aiea is musliroom sliaped , 

segments are 2 2, 5 / , 8 i, i < o , i n 
buccal teetb mimbei aboutlG . aismucbgrcatcitlmuv 
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Fig 


Explanation or Plaie XXI 

Phlehotomns eadttha ( 9 ) 

1 Wmg 

2 Buccal cavity 

3 Post-gemtal plate 

4 Anteuual segments XII and XII 

5 Antennal segments III and IV 
G palpal segments l-I 

7 Pharynx 

8 Sfiermatbeca 
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NOTE ON AN INTRADERMAL REACTION IN MONKEY 

MALARIA 

LirrT -CoLONFL J A SINTON, m n , d sc , i M s 
Mnlatia Sutiey oj India, Kasniih, 

AND 

Captain H ^lULLIGAN, ji d , i ji ,s , 

Ccnhal Re<ieair}i Imhliite, Kasauli 

[Received for publication, AugiiRt 10, 1032 ] 

Through tlie Kmdnoss of Lieut -Colonel R Kuoiiles, IMS, Piofessor of 
Protozoology, and Lieut -Colonel H W Acton, c i e , i m s Director of tlie School 
of Tropical IMediciiio, Calcutta, we obtained a strain of monkey malaria from 
Cercopithecus pygenjthrus, which had been found to be very \nrulent when inoculated 
into the common Indian monkey, Macaco mulatia {Macacus ihcsm) Another 
strain of malaria has smee been found by us m naturally mfected monkeys and 
should form a useful control for specific experimentation 

Various ‘ antigens ’ were prepared from the blood and organs of infected 
monkeys m an attempt to discover whether any seiological reaction could be devised 
to show either infection with the parasite or evidence of changes in immunit-y 
produced by mfection 

Durmg the course of these mvestigations, it was decided to try if any of the 
various ‘antigens’ prepared, would show any diagnostic changes, when injected 
intradermally into normal as compared with infected monkeys Very marked 
differences weie obtained ivith some of these antigens 

So far the most satisfactory residts have been given by the u--e ot an antigen 
prepared by digestmg wuth papain a suspension of malarial parasites washed free 
of hinmoglobm The intradeimal tests were made by mjecting 0 05 to 0 10 c c of 
either the filtered digest or the redissolved deposit, which was obtained after this 
digest was added to a large excess of alcohol 

In the foUowmg table are contrasted the results observed in normal and 
mfected monkeys after mtradermal mjections of antigens of such strength that 
they caused httle delayed reaction m normal monkeys 

( 581 ) 
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Note on an Inlmdo^nal Beachon in Monkey Malana 


Table 


Desokiption or isTBAnrmiAL bbactwns is sobmal ind infected jiojjkeis 


Tjmp 

Xornial Dionltpv 

1 

Infected monhej 

Up to 3 
niinutPs 

1 

Distmcth raised and very circiiniscnbpd, 
pale suelhng, u Inch (juicklv dcr clops 
niarlced goose elun, often cslending 
over surrounding area 

1 

1 

1 

Suelhng much less distinctly raised and 
circumscribed Goose shin usually 

absent in acute infections, but ma 3 ' be 
slight in chronic cases , if present, it is 
seldom seen over the centre of the 
swelling Si/e of sw'elhng much smaller 
than 111 normal control and it maj' be 
pink rather than whitish 

1 

15 minutes 

1 

1 

1 

Large circumscribed and raised suelling 
about I5~20 inm in diameter Goose 
shin marhed, usually extending beyond 
swelling Seldom anj redness and no 
petechial 

Swelling sniallei and less circumscnbed 
than in normal Goose skin, if present, 
very scanty Redness of centre of 
swelling not uncommon Sometimes 
commencing petecln-v and cuticular 
necrosis 

1 

3-4 hours 

1 

1 

1 

1 

j 

Distinct fading of primary reaction 
Goose skin gone Swelling markedly 
subsided and area of jirimary reaction 
may hare returned, more or less, to its 
original colour, or perhaps shows only 
a slight j ellou isli pallor More rarely 
the point of injection may have a pink, 
pm head papuh 

Marked increase in the degree and extent 
of reaction Pale j ellow ish or greenish 
pinh, slightly raised button like area 

1 ]0-2'5 mm in diameter with a smooth 

* surface At the centre of this is a 
small area about f« mm in diameter 
which may be deep pink and hyper 
aemic, purplish and petechial or eien 
dark and necrotic, according to the 
seventy of the reaction Tlie peri- 
phery of the button 1 ke area bos 
usualK a distinct petechial areola of 
variable extent and intcnsita 

24 hours 

Usually onij the mark of needle or a 
small pink papule left 

Reaction is at its maximum, showing 
considerably greater intensity than at 
3-4 hours Definite swelling about 
2P nini diameter with central necrosis 
or petechm and destruction of superfi- 
cial cuticle The petechial areola is 
usually wider and more intense, a 
condition which is a constant feature 
of this stage Usually there is distinct 
opdema of the surrounding tissues and 
the wbotp swelling is indurated 

48 hours , 

Usually no signs 

Usually little change since last obser- 
vation, or perhaps commencing resolu- 
tion, which may take a long time, 
especially if necrosis has been marked 
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It will be seen from a studj’’ of this table that the immediate reaction produced 
would appear to coiicspond to ^hat Coca (1928) has classified as ‘atopic hyper- 
sensitiveness and this seems to be abolished to a greater or lesser degree by mfec- 
tion The delayed reaction seen in infected monkeys appears to be an example of 
‘ 113 persensitiveness of infection ’ (Coca, 1928) and to be very similar to the tuber- 
culin reaction As in the latter reaction the scveiit}" seemed to have some relation- 
ship to the acuteness and seveiit}’^ of the mtection, for it was less marked m monkeys 
suffermg from chronic infections than m those with acute ones The amount of 
reaction m acute infections also seemed to be related to the number of parasites 
m the jieripheral blood at the time the test was carried out 

A total of 35 tests was made with \aiioiis papam digests of blood and infected 
organs on 9 acutel}' and 4 chronically infected monkej’s and 44 control tests were 
made on 9 normal monkeys There was a marked difference in all these mjections 
between the results obtamed in the diseased and the control animals 

Further im estigations will be necessar}’^ to determine whether this reaction is 
specific for one 01 all kmds of malaria m the monke}^ how long it lasts after per- 
manent cure, whethei it has an} bearing on the diagnosis of human malaria, etc 
A fuller accoimt of the v ork is being prepared for publication in the December 
number of the Records of the Malana Siiney of Imho 

REFERENCE 

Coo A, A F (1928) In Jordan and Falk ‘ Nofl or Kno-n lodge of Ractenologv 

and Immunology pp 1004-1016 
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ALL-INDIA LIFE TABLES 

BY 

H P CHAUDHURI^mb (Cal U ), b p h (Loud ), d t m &h (Lond ), 

BBSS (Loud ) 

{Homj Rcbcaich Wotlet, All-Iiidta Imhtule of Hygiene and Public Health, 

CaleuUa) 

[Received for publication, June 13, 1932] 

In tins p.ipei an attempt has been made to compile two sets of Life Tables, 
one for the Hindu and the other for the Mahommedan male population in India 
and to compare the moitality rates of these communities m a scientific manner 
Tlie Life Table is an instrument which is as indispensable to the student of public 
healtli, >s IS the barometer or the thermometer to the student of meteorology 
That being so, its discussion cannot be out of place in a medical journal 

Sir Athelstain Baines was responsible for two of the early Census Reports, 
but the credit of compiling the first Indian Life Table must be given to Sii George 
Hardy{l) iihose investigations were based on the Census Returns of 1881, 1891 and 
1901 Next came \.ucklaud’s(2) Table, the mortality experience obtained during 
the decenmum 1901-1911 , and this was followed by Meikle’s(3) Mortality Table 
imbodied in his report on the age distribution and mortality rates on the basis 
of the Census Reports of 1921 For the moitaUty lates of special classes of sections 
of the Indian population, reference may be made to the investigations of Catham{4), 
Thompsoufb), Wmter(6), Hunter(7) and Vaidyanathan(8) 

We shall make no attempt to review all this literature, chiefly for the reason 
that most of the rates of mortality tables brought forward have been wholly laclnng 
in generality They have been special tables, graduated to fit a particular set of 
observations often involving assumptions, which could not hold good in any general 
law of human mortality 

In the construction of a Life Table two items of information are needed 

(1) the number exposed to risk of death, and (2) the deaths occurring m the number 
for each year of life The latios of (2) to (1) gne the yearly late of mortality 
for the yeai in question 

It IS only in insurance practice that Life Tables are based on the experience 
of persons traced through life, otherwise a Life Table is usually constructed on — 

(1) Population— the numbers of person of each sex at each age as ascertained 

by the Census Returns 

(2) Deaths — the numbers of deaths at each year of age, registered for the year 

(3) Births — quarterly or annual records of births 

( 585 ) 
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All-Inclia Lzfe Tables 


At infantile ages lates of inortalitj'^ derived from Census Ketuins and Recoids 
of Deatlis are uuieliable To obtain a more accurate ‘ exposed to risk ’ at these 
ages, annual or quarteily records aic necessary 


Thus the 


deaths 
population 
d 

qx 


gives the central death rate oi 


m. 


P. + i 'h 

j lx~ ^ lx~l 

Ta"=?a:-f-l~)~?r-f-2~f"?a5-}-3 A\Tience OCx~-j — 1-« 

lx 

But the data obtained in India cannot be relied upon foi the construction of a 
National Life Table, not only because the registiation of bnths and deaths are 
defective or the ages recorded at death and census aie inaccurate, but also because 
the Census Eecords aie far fiom satisfactoiy There aie also other dijBiculties in 
making an All-India National Life Table India is a vast countiy embracing 
diveise climates, communities and social conditions , and it is a country peculiarly 
subject to devastating epidemics and disastrous famines An experience, based 
upon the records of a few years or upon a selected place or community, may 
therefoi e be entirely misleading 

It IS to be noted that the figures in the tables compiled by Hardy, Auckland 
and Meikle were not actual figures, but census figures graduated mathematically 
Hardy’s method of graduation was in accordance with Mackeham’s First Modifica- 
tion of Gompert/’s Law of Human Mortality, into which he introduced a further 
modification of his own To express Mackeham’s Fust Modification algebiaically 
mx =A-)-Bc® where represents the force of mortality at age x and 
A B, c are constants, the values of which aie to be deduced from the 


facts, Hardj'-’s own modification 
follows — 


was lx =A-|-Haj-f-Bc® 


m 


nx-j-l 


horn Avhich it 


La: — 




A+?)+Hx- 


Bc=>= (c 


log 


1 ) , Ph 

^+-l0ge 

eC n 


0+Ak) 


nx-j-l 

Hardy used this for deducing the moitality rates from 0—12 He also deduced 
another graduation based on Mackeham’s First Modification of Gompertz’s 
Law, of the 1901 figures by the special foimula log N’a; —K-j-ax-j-bx^-j-mc^^ 
where N’a: lepiesented the ‘ population above age a ’ and logjo® was 
taken as =0 039 Mackeham’s Second Modification m the form of log 
Ta: =K-(-aa: -f- bx^-j-fx^-l-mc^^ , was used by Auckland Auckland’s method 
oi deducing the moitality rates from 30 to 90 consisted in aiiplying this 
Second Modification with an abnoimally high value of logjo'’ =0 058742 
(c=l 1448) calculated from the values of logio lx for graduating the Za: figures 
deduced by weighting the values of L in the Pi ovincial figures according to the 

* For explanation of symbols used in tins pajier see Appendix A 
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total male jmpulation of each Province (enumerated in 1911) The mortalitv 
rates from 13 to 30 wei e calculated by weigliting the Provincial figures without 

graduation, deduced b} Wz = As for the mortality rates from 

2t!x 

0 — 12, Auckland made use of Ilaid} ’s Modification 

Meikle’s method nas based on Heurj’s suggestion, which consisted in 
summing the quinnary groups from tlie bottom upwards and comparing the 
resulting values i\ itli tlie corresponding values of T* (Standard Table) and latios 

calculated Log (g ^tuh An r cl Tabic ) ''' smoothed by 

y=^l—ax — bx-+cx^, and this gives the age distribution of the population 
Thus, knowing the age distribution of two courses 1901 and 1921 and assuming the 
geometrical rate of increase, the population of the 6 months before and after 
the middle dates of the } oars of census record was calculated for each age, 
multiplying it by ^ X 9^ and 101 respectively Then by the formula 

—I The values of were obtained by qx = 1 — px 

Lz-j-i — i 

Meikle made use of another method Assuming a constant xate of increase, 

5Qz=5ii.5ll5£±l£=probability of death within 5 years Then the ratios of 
T® — T®4-6 

can be obtained from a standard table, and the same can be applied or qx can 
be obtained graphically from 5 Q* 

The mortalit)' rates deduced in the various ways gi^en above from the Census 
Peturns aie but approximate estimates foi normal conditions and thus they are 
not capable of satisfying the requirements of a Standard Life Table In the cir- 
cumstances I had no alternative but to follow the method adopted by the Faculty 
of Actuaries The data(8a) I have used for preparing the appended tables 
consisted of figures representing — 

[a) ‘ Lives under observation ’ of insurance companies in each year from 
1905 to 1925 at each age from 19 to 95 (100,000) 

[b) ‘ Years of risk ’, of whicli the number is the same as the number of lives 
exposed to risk An ‘ exposed to ri>=k ’ for each vear is obtained by taking the 
mean of the living at the beginning and at the end of the year, adding half the 
deaths and then combining them for the 20 years (848,744) 

(c) ‘ Deaths ’ at each age of the lives exposed to risk within the period of 
observation, i e , deaths from the date of entry to the last date or to the previous 
death (13,440) 

(d) ' Lives existent ’ at the close of observation and passing out of observation 
after their insuiance had continued for a number of years (57,770) 

Duration in the case of the ‘ died ’ can be obtained by takmg the number of 
integral years between the date of purchase and the date of death Thus finding 
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the number of lives ‘ exposed to iisk ’ and the number of ' deaths we can calculate 
qx without difficulty The ratios betu een the actual and the expected death rates, 
the latter being derived from a Standard Table, viz , the English Life Table for 1921, 
are to be applied, after being graduated by inspection, to the English Life Table, 
and the figures thus obtained are again to be graduated graphicalh^ This method 
IS superioi to the methods used by Hardy Auckland and Meitle, because, besides 
being simpler, it secures gicatei accuracy foi the Life Tables by using actual figures, 
though these aie limited only to the u ell-to-do and liteiate section of the population, 
the poor illiteiate mass being, as a lule unable to tahe advantage of life insurance 
Thus, the appended lafe Tables are not National Life Tables, but Life Tables of 
‘ Select Class ’ In this connection it is to be noted that about 10 per cent of the 
male population is literate and that aliout 85 per cent of the assured lives arc in 
normal health 

The ' probability of living ’ zates for the Mahommedan population can be 

calculated from the Hindu figuies by applying the ratios of 

at each age The px column being found the rest of the procedure becomes easy 
This particular px means the piobability of bving in the 3 ’-ear 192], v/hich can be 
calculated from the px of each Provincial figure and weighting them according to 
the population From a caieful study of the appended Life Tables we airive at 
the following deductions — 

(1) The Hindu moitalitv has decreased m the coiuse of the last 20 years 

(2) The Mahommedan moitality is lighter than the Hindus 

(3) Addition of 9 years to English mortality of 1921 gives approximately the 
All-India Hindu mortality (from ages 20 to 95) 

(4) In expectation of life an Indian life is 7 years shortci than that of an 
Englishman (from ages 20 to 95) 

(5) One-fomth of the children die before the age of 1 year and half the 
population die within the age of 25 years 

(6) Average expectation of life at birth is about 30 

I am painfull}^ conscious of the tersitv of the above notes for which I crave 
the indulgence of my readeis I should be guilty of ingratitude if I were not to 
express my obligations to Colonel Steuart foi supph mg me uith necessarj^ littialuic 
on the subject, and also for offering valuable suggestions and criticisms 
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Appendix A 
Explanation of Symboh 

Pj. == tho piobabilit} of a person aged x living a ycai 

= the piobabilit} of a person aged x dying -within a year 
Ogj. = the ‘ complete expectation of life of a person aged x 
nij. = central death rate 

d — the deatlis in tlie year of age a- to a: -j- 1 among the lx persons who enter in 
that }ear 

/j. = the mimbci of persons living between an} two ages x x -\- 1 

Tj. = the number of years lived by persons aged above x 
5Qj. = the piobabilitv of dying within 5 years 
= the population at age x to x i 
= the population at age x 
= the rate of increase of the population at age x 

Appendix B 

As a further help to understand the structure and meamng of Life Tables, a 
nomogram, devised b} Pearl and Peed, has been appended This nomogiam has 
been constructed after the method described by these teachers m the Johns Hopkins 
School of Hygiene, Baltimore, USA I hai e followed then descriptions and 
instructions in the method of construction and use 

This IS a diagram in twm parts, plotted on a graph paper, one in which the 
abscissad divi^ons are arithmetically equal, and represent ages, and the ordinate 
divisons are proportional to the logaritlims of the numbers set down by their side 
On the left hand, larger one of the two diagrams, there are plotted three lines, 
namely, dx, lx, and %, as defined above The right hand, or smaller one of the 
diagrams, is simply the same logarithmic scale as that of the larger of the two 
diagrams, but extending 1 to 1,000 
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How to use it ^ 

To find the death rate place the scale on the nomogram in sucli a mannei 
that A IS on the L, line at the age x Then read the scale at the point, where at 
age X, it IS cut by the dx line of tlie nomogram The value so read wdl be qz 
To find the expectation of life Oez place the scale in such a manner that B 
coincides with the L line, at age x Then read tlie scale at the point ^here, at 
age X, it IS cut by the Ta; line The ^aIue so lead vil] be the expectation of life 
at age x 


Logarithmic 

Scale 


Appendix C 

ALL-INDIA LIFE TABLE NOMOGRAM 
Graph 1 
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Table I 


All-lndia Himhi Males Life Table 


\go 

Px 



0 

er 

1 

Px 

'r 

T 

X 

0 

ex 

0 

0 71025 

100,000 

3,113,135 

30 58 

49 

0 97060 

37,801 

623,405 

16 99 

1 

0 910S09 

71,625 

3,018,135 

42 62 

50 

0 97487 

36,916 

595,604 

16 63 

2 

0 942540 

65,007 

2 010,610 

45 37 

51 

0 97201 

36 851 

508,688 

16 93 

3 

0 96010 

61,894 

2,830 843 

47 04 

1 02 

0 97077 

35 853 

632,835 

15 36 

i 

0 072516 

59 424 

2 813 949 

47 03 

63 

0 96842 

34,805 

498,030 

14 80 

') 

0 981107 

57,791 

2,759 525 

43 25 

64 

0 00595 

33,706 

464,324 

14 27 

0 

0 93690 

5G,G99 

2,702,326 

48 16 

55 

0 90337 

32 558 

431 766 

13 76 

r* 

1 

0 99100 

55 960 

2,046,866 

47 79 

56 

0 06067 

31,365 

400,401 

13 28 

s 

0 99353 

55,456 

2 691,410 

47 22 

67 

0 05791 

30,131 

370,270 

12 78 

9 

0 99521 

65 093 

2,636,312 

46 53 

58 

0 95605 

28,863 

341,407 

12 32 

10 

0 09730 

64,334 

2,481,478 

45 75 

69 

0 95191 

27,566 

313,841 

11 8S 

11 

0 997S0 

64,686 

2,426,792 

44 87 

60 

0 94903 

26,240 

287,601 

11 46 

12 

0 90790 

64,566 

2 372,226 

43 97 

01 

0 94612 

24,903 

262 698 

11 16 

13 

0 00760 

54,451 

2 317,776 

43 10 

62 

0 94312 

23,661 

289,137 

10 64 

14 

0 99720 

64,320 

2,203,455 

42 16 

63 

0 93994 

22,221 

216,916 

10 36 

16 

0 99660 

54,168 

2,209,287 

41 28 

64 

0 93659 

20,886 

190,030 

9 89 

IG 

0 09580 

63,039 

2,155,348 

40 45 

65 

0 93315 

19,562 

176,468 

9 52 

17 

0 99510 

53,712 

2,101,630 

39 62 

66 

0 92949 

18,254 

158,214 

9 16 

IS 

0 99425 

63,449 

2,048,187 

38 81 

67 

0 92567 

16,967 

141,247 

8 82 

19 

0 99350 

53,141 

1,005,040 

38 04 

68 

0 92109 

16,706 

126,541 

8 48 

20 

0 99276 

52,796 

1,042,250 

37 23 

69 

0 91765 

14,476 

111,065 

8 U 

21 

0 99259 

52,413 

1,889,337 

36 55 

70 

0 01367 

13,284 

97,781 

7 80 

22 

0 99240 

52,025 

1,837,812 

35 82 

71 

0 90919 

12,136 

86 645 

7 55 

23 ! 

0 99219 

51,630 

1,786,182 

35 09 

72 ^ 

0 90440 

11,033 

74 612 

7 17 

24 

0 99200 

61,227 

1,734,055 

34 37 

73 

0 89907 

9,978 

64 631 

6 97 

25 

0 99183 

50,817 

1,084,138 

33 64 

74 

0 80335 

8,971 

65 663 

6 70 

26 

0 99168 

60,402 

1,633,736 

32 91 

75 

0 88746 

8,013 

47,650 

6 45 

27 

0 99154 

50,100 

1,583,636 

32 10 

76 

0 88068 

7,111 

40,539 

6 20 

2S 

0 90140 

49,676 

1,533,960 

31 37 

77 

0 87356 

6,263 

34,276 

5 97 

29 

0 99127 

49,249 

1,484,711 

30 61 

78 

0 86568 

5,471 

28,013 

5 62 

30 

0 99113 

48,819 

1,435,892 

29 91 

79 

0 85739 

4,736 

22,542 

6 25 

31 

0 99097 

43 378 

1,387,514 

20 18 

80 

0 84855 

4,061 

17,806 

4 88 

32 

0 99030 

47,941 

1,339,573 

28 44 

81 

0 83924 

3,446 

13,745 

4 50 

33 

0 99058 

47,500 

1,292,073 

27 70 

82 

0 82937 

2,892 

10,853 

4 25 

34 

0 00032 

47,039 

1,245,034 

26 96 

83 

0 81865 

2,399 

8^454 

4 02 

35 

0 98999 

46,584 

1,198,450 

26 22 

84 

0 80839 

1,904 

6’490 

3 81 

30 

0 93060 

46,117 

1,162,333 

25 48 

85 

0 79649 

1,588 

4,902 

3 58 

37 

0 98915 

46,637 

1,106,606 

24 96 

86 

0 78470 

1,266 

3^636 

3 37 

38 

0 98861 

46,142 

1,061,654 

24 01 

87 

0 77040 

993 

2,643 

3 16 

39 

0 93804 

44,628 

1,016,926 

23 26 

88 

0 75875 

705 

1,878 

2 95 

40 

0 98737 

44,064 

972,862 

22 58 

89 

0 74204 

580 

1,298 

2 73 

41 

0 98661 

43,507 

929,355 

21 86 

00 

0 73110 

424 

874. 

2 66 

42 

0 98575 

42,924 

886,43] 

21 15 

91 

0 72350 

310 

564- 

9 91 

43 

0 98480 

42,312 

844,119 

20 45 

02 

0 70827 

217 

847 

9 09 

44 

0 98374 

41,624 

802 495 

10 77 

93 

0 68857 

149 

198 

1 89 

45 

0 98257 

40,398 

761,697 

19 12 

04 

0 63733 

102 

96 

1 44 

46 

0 98126 

40,186 

721,411 

18 40 

96 

0 45700 


31 

0 97 

47 

0 97986 

39,433 

631 978 

17 79 

98 

0 05003 

29 

9 


43 

0 07834 

38,638 

653,340 

17 56 

97 


2 
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Table II 


All-huha Maliomvtedmt 3Iale<^ Life Table 


‘^ue 


h. 

T 

■» 

0.x 

Ago 



T 

a 


0 

0 71124 

100,000 

2,947,930 

20 07 

49 

0 9S01C 

36,005 

026,472 

17 SO 

1 

0 01180 1 

71,124 

2,876,806 

40 91 

50 

0 97846 

35,200 

591,182 

17 25 

2 

0 93753 

64,851 

2,811,953 

43 86 

51 

0 976^7 

34 531 

556,651 

16 60 

3 

0 95509 

00,800 

2,751 155 
2,693,031 

45 74 


0 97436 

33 722 

522,929 

16 00 

4 

0 96750 , 

58,124 

46 83 

53 

0 97185 

32,857 

490 072 

15 41 

5 

0 97G00 1 

56,235 

2,634,907 

47 35 

54 

0 96874 

31,932 

458,140 

14 84 

() 

0 981000 ) 

54,883 

2,580 022 

4 / 53 

65 

0 96597 

30.934 

427,206 

14 31 

7 

0 98504 

63,842 

2,526 180 

47 41 

.56 

0 96320 

29,881 

397,326 

13 79 

8 

0 98757 

53,036 

2,473,144 

47 11 

57 

0 96045 

28,781 

368,544 

13 30 

‘) 

0 98925 

52,377 

2,420,767 

46 72 

aS 

0 951965 

27.643 

340,901 

12 83 

10 

0 99371 ' 

51,814 

2,368,953 

45 72 

69 

0 95400 

26,472 

314,429 

12 37 

11 

0 09421 

51,488 

2,317 465 

46 50 

60 

0 95254 

25,254 

289,176 

11 95 

12 

0 99431 

51,189 

2,266 276 

14 77 

61 

0 95204 

24,056 

265,119 

11 70 

n 

0 09423 

50,898 

2,213,378 

44 02 

62 

0 94029 

22,902 

242,217 

31 07 

14 

0 99415 

50,604 

2,164,774 

43 27 

63 

0 94029 

21,740 


10 64 

15 

0 09407 

50,308 

2,114,466 

42 53 

64 

0 94300 

20,672 

199,905 

10 17 

16 

0 09309 

50,010 

2,004,466 

41 78 

65 

0 93763 

19 399 


9 80 

17 

0 90372 

49,709 

2,014,757 

41 03 

06 

0 91463 

18,189 

162 317 

9 12 

i8 

0 99326 

49,397 

1,963,360 

40 28 

67 

0 93127 

17,000 

145,317 

9 04 

10 

0 09261 

49,064 

1,916,296 

39 55 

68 

0 92755 

15,831 

129 486 

8 67 

20 

0 99176 

48,701 

1,867,595 

38 84 

69 

0 92347 

14,684 

114,802 

8 31 

21 

0 99175 

48,300 

1,819,295 

38 16 

70 

0 91905 

33,561 

101,211 

7 96 

22 

0 99174 

47,902 

1,771,393 

37 17 

71 

0 01445 

12,463 

88,778 

7 62 

23 

0 99173 

47,506 

1,723,887 

36 78 

72 

0 90955 

11,397 

77,381 

7 28 

24 

0 99172 

47,113 

1,876,774 

36 09 

73 

0 90435 

10,368 

67,015 

6 96 

25 

0 99171 

46,723 

1,630,051 

35 38 

74 

0 89885 

9,374 

57,641 

6 64 

26 

0 99170 

46,334 

1,583,717 

34 68 

75 

0 89394 

8.426 

49,215 

6 34 

27 

0 00160 

45,949 

1,537,768 

33 96 i 

76 

0 88774 

7,532 

41,683 

6 03 

28 

0 99167 

45,567 

1,492,201 

33 24 

77 

0 88094 

6,687 

34,996 

6 74 

29 

0 90163 

45,187 

1,447,014 

32 52 

78 

0 87334 

5,890 

29,106 

5 44 

30 

0 99163 

44,810 

1,402,204 

31 79 

79 

0 86494 

5,144 

23,962 

5 15 

31 

0 99150 

44,434 

1,357,770 

3105 

SO 

0 85593 

4,449 

I9,6l3 

4 88 

32 

0 99153 

44,060 

1,313,710 

30 31 

81 

0 84663 

3,808 

16,705 

4 74 

33 

0 90142 

43,686 

1,270,024 

29 57 

82 

0 83693 

3,201 

12,604 

4 40 

34 

0 99128 

43,310 

1 226,714 

28 82 

S3 

0 82673 

2,679 

9,825 

4 16 

35 

0 99108 

42,932 

1,183,782 

27 97 

84 

0 81590 

2,214 

7,611 

3 93 

36 

0 90084 

42,549 

1,141,233 

27 32 

85 

0 80461 

1,807 

5,804 

3 71 

37 

0 99054 

42,139 

1,099,074 

26 57 

86 

0 79301 

1,454 

4,350 

3 49 

38 

0 99018 

41,760 

1,057,314 

26 81 

87 

0 78081 

3,153 

3,197 

3 27 

39 

0 98976 

41,350 

1,015,964 

25 12 

88 

0 76791 

900 

2,297 

3 05 

40 

0 98915 

40,926 

975,038 

24 32 

S'* 

0 75441 

691 

1,606 

2 82 

41 

0 9SS57 

40,482 

934,112 

23 53 

90 

0 73973 

521 

1,085 

2 58 

42 

0 08789 

40,019 

893,630 

22 83 

91 

0 72470 

385 

700 

2 31 

43 

0 98701 

39,533 

853,611 

22 00 

92 

0 69470 

279 

421 

2 00 

44 

0 98C03 

39,031 

1 81 1,076 

21 36 

93 

0 63939 

194 

227 

1 67 

45 

0 08522 

38 476 

775,609 

20 65 

94 

0 55939 

124 

103 

1 33 

46 

0 98422 

37,907 

737,693 

19 96 

95 

0 46319 

09 

34 

0 99 

47 

48 

0 98304 

0 98169 

37,309 

36,678 

' 699,786 

662,477 

19 25 
18 56 

96 

0 05023 

32 

2 












H P CJmidJnn i 


593 


Table III 

Comparison or mortalit’v 

(a) Bij pi ohnhihiu of <<v]nvwg ieii yroi'i, 10 px 



r lulantl nnil 
Wale, 

1921 

Ml Indm 
Hnulu Males 

1927 

All Imlia 
8Ifthoiumodni* 
M-Ies 

1927 

All Indm 

1911 

411 Tiifba 

1901 

0 

0 8709 1 

0 0488 

0 1772 

0 7021 

0 5103 

10 

0 07780 

0 9028 

0 0809 

I 0 8729 

0 8840 

20 

0 001 SO 

0 9240 


0 8174 

0 8447 

00 

0 9471S 

0 9027 

. 0 9183 

0 7578 

0 7802 

40 

0 91040 

0 8778 

j 0 8022 

0 0875 

0 0946 

'lO 

0 84117 

0 0941 

0 7150 

0 0077 

0 7940 

OO 

0 07217 

0 0002 

0 7800 

0 4548 

0 4288 

70 

0 88038 

0 8077 

0 8280 

0 2010 

0 17'>7 

80 

0 I 1 178 

0 1044 

0 1171 

0 1007 

0 1087 


(6) By the I'umbei of s^iivitois, lx 



Fn^latid an 1 i 
4Yales 

1921 

All India 
Hind’i Males 

1927 

All India 
Malioniiaedaii 
Males 

1925 

Ad India 

1011 

' All India 

1901 

0 

100 000 

100,000 

100 000 

100,000 

100 000 

10 

87,098 

74,884 

51,814 

70 212 

51,084 

20 

OO 

72,796 

47,701 

48 838 

45,161 

80 

80,549 

48,819 

44,810 

35 831 

88 151 

40 

76,294 

44 064 

40 926 

27,186 

29,766 

70 

09 916 

36,917 

85 290 

20,678 

18,658 

60 

78 804 

26,240 

27,274 

12 297 

* 11 229 

70 

39 728 

13,284 

13,561 

5 273 

5,134 

80 

15,037 

4,061 

4,449 

916 

[ 236 

90 

1,710 

424 

1,085 

15 

1 ' 
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All-] ndia L/fr Tables 


(c) By the death iat(‘^, Q^. 


Age 

Eiiglniifl nnd 
Wales 

1021 

All Inilia 
Hindu Idtiks 

1925 

AH India 
Miihonuiicdiin 
Males 

1925 

All India 

1911 

All India 

1901 

0 

0 osooc 1 

0 28375 

0 2SS70 

0 2900 

0 2854 

10 

0 OOISI 

0 00270 

0 00029 

0 0125 

0 0124 

20 

0 00J40 

j 

0 00725 

0 00821 

0 0169 

0 0143 

00 

0 004 U j 

0 00887 

0 00837 

0 0235 

0 9202 

40 

0 00G8S 

0 01203 

0 0 1085 

[ 0 0323 

0 0301 

50 

0 001179 

0 02513 

0 02152 

0 0428 

0 04 40 

bO 

0 02561 

0 05097 

0 04716 

0 0598 

0 0625 

70 

0 05907 

0 08643 

' 0 0S095 

0 10J7 

0 1136 

80 

0 14002 

0 15145 

0 14407 

0 2287 

0 2355 

90 

0 2C752 

0 2C890 

1 0 26027 

1 

1 

0 5455 

0 4786 


(d) By ex 2 )eetaiion of life, Oev 

(yea^ s) 


i 

i 

Age 

England and 
Wales 

1 

1 All India 

Hindu Males 

All India 
Mahomniedan 
Males 

All India 

All India 

i 

1921 

1925 

1925 

1911 

1901 

j 

0 

55 62 

30 68 

1 

29 97 

22 59 

23 03 

1 

10 

54 04 

f 45 75 

45 72 

33 36 

34 73 

20 

45 78 

j 37 28 

38 84 

27 46 

28 59 

30 

3^ 40 

1 29 91 

31 79 

22 40 

22 90 

40 

29 19 

j 22 58 

24 32 

18 02 

17 91 

50 

21 36 

I 16 65 

17 25 

13 97 

13 59 

60 

14 36 

1 11 46 

11 95 

10 00 

9 53 

70 

8 75 

" 86 

7 96 

6 17 

5 80 

SO 

4 93 

4 88 

4 88 

3 04 

3 07 

00 

2 82 

2 36 

2 58 

123 

1 23 
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Tabie IV 


Compaiison of ike Life Table I, wUh that of England and 

fffl/fs, 1921 


All India 
Hindu Males 
Age 

Corresjionding 
England and 
\Valo‘< Ago 

DiffcrenLO tn 
in nge 

Older <-t 1 

E'cpcclation of 
life in \enrs 

Ratio of morta 
lit\ of 

-^in 1921 
d-^l 

0 

25 

i 

1 

25 1 

30 60 



5 

15 1 

+ 

10 

49 0 



10 

20 

+ 

10 

46 0 



n 

25 

d 

10 

41 0 



20 

29 

d 

9 

37 0 

d- 

1 73 

25 

34 

4- 

0 

33 5 

d- 

1 64 

30 

21 

d- 

9 

30 0 

d- 

1 35 

35 

43 

4 " 

8 

26 0 

4 

1 19 

40 

48 

4" 

8 

22 6 

+ 

1 15 

45 

63 

f 

8 

19 0 

4 * 

1 07 

50 

57 

1- 

7 

16 6 

d- 

1 06 

55 

61 

d- 

6 

14 0 

4 - 

1 00 

00 

65 

4 " 

5 

116 


0 930 

05 

69 

+ 

4 

9 5 

4 “ 

0 775 

70 

72 

-L 

2 

80 


0 667 

75 

76 

d- 

1 

66 

4~ 

0 698 

80 

SO 


0 

6 0 

d- 

0 699 

85 

86 

d- 

1 

36 

4~ 

0 608 

90 

92 

d- 

2 

26 

4* 

0 620 

96 

100 

4- 

5 

I 00 

d- 

0 930 



Mean d- 

7 


Mean + 

100 


Avetagf —Rate of mortabty ib same as that of England and Wales m 1921 \Mth 9 yeats added 
to the age from 20 to 90 In expectation of life + 7 years older 
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All-h'idm Life Tables 


Table Y 
Males 


Comjmiison of 2Vobahhty of living of Mahommedans with that of Hindus 
[M-H), by 1 alio of to jiz {M-H) 


Ages 

Bengal 

Punjab 

Madras 

Bombaj 

U P 

Giadualed 
All Indn 

1 

0 






0 9030 


0 9933 

0 0050 

0 0091 

0 OQO J 

0 9096 

0 9948 

1 

10 1 

0 9972 

0 9970 

0 0078 

0 0006 

0 90S1 

0 9964 

15 

0 9954 

0 9972 

0 9957 

0 9990 

0 0909 , 

1 

0 9978 

20 

0 9970 

1 0002 ”1 

0 9955 

0 0088 

1 000 

0 9900 

25 

0 9983 

1 0026 

0 9960 

0 9988 

1 0 9999 

1 

1000 

30 

0 9997 

1 0025 

0 9978 

0 9954 

I 

0 9999 

1 0005 

35 

1 0013 

1 OOlS 

0 0074 

1 

0 0094 

1 

1 0025 

1 0071 

40 

1 0023 

10018 

! 0 906S 

0 0092 

1 0037 

10018 

45 

1 0043 

1 0022 

0 9980 

0 9998 

1 0076 

1 0027 

50 

1 0048 

1 0062 

0 9990 

1 0003 

1 0070 

1 0037 

55 

1 0045 

1 0050 

0 9903 

1 0022 

1 0093 

1 0048 

fiO 

1 0050 

10110 

1 0012 

1 0038 

10116 

1 0060 

65 

1 0055 

1 

1 0104 

1 0042 

1 0030 

1 0126 

1 0073 

70 


1 




1 0087 

75 


1 




10112 

80 






1 0118 

85 






1 0135 

90 






10153 

95 




• 
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Mahommedau mortality compared -with Hindu mortality shows -- 
Hfa.\'IEE (1) Up to age 30, Bengal (2) Up to age 15 Punjab, Madras 
Ltqhtee (1) At all ages Bombay, United Provinces (2) Prom 30 upwards Bengal (3) 
From 15 upwards Punjab, Aladras It has also been shown graphically 
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Unbroken Lines = Hindus Broken Lines = Mahommedans 



SPECIFIC DEATH RATES, 1921. 
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Unbroken Lines = Hindus Broken Lines = Mahommedans 
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Sketch Map of Iraq to show the distribution of vipenne species and also the distribution of cases of vipenne poisoning 

from bites by undetermined snakes 
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AN INQUIRY INTO SNAKE-BITE IN IRAQ 


BY 


NORMAN L CORKTLL, m b , ch b , r / s , 
Sudan Medical Service 
{Late Iraq Health Service ) 


[Rccoircd for pvibhcatioa, Februurv 22, 1932 ] 

Introductory remabk.s 

Bites b\ vpnomoub buakes m Iiaq do not constitute the ever present menace 
to life and mental ease that they do for example m parts of India Nevertheless 
cases occur from tim» to time and the dramatic symptoms (for most of such cases 
are viperme), and onh too frequent fatal termination, create a wish on the part 
of any medical officers concerned to know what poisonous snakes are to be found 
in their areas, how they may readily be identified, what characteristic symptoms 
result from their bites, what treatment has been found of value and what the 
prognosis may be The appreciation of such a desire was responsible for the 
amassing of the information contained in this paper 

The inquiry has two aspects Firstly the zoological, it being an obvious piime 
necessity to establish the poisonous species occurring in Iraq, havmg particular 
regard to then distribution , it is barely less necessary to ascertain also the species 
and distribution of the non-venomous snakes so that an easy key to field iden- 
tification may be formulated Incidentally this aspect has comprehended a study 
and collection of the vernacular names of snakes In most cases of snake-bite, the 
offender is not secured , it may, however, have been seen and if its name as men- 
tioned by an onlooker of the acrident is attachable to a definite species, useful 
information has been obtained 

An examination of existmg records and material is obviously the first 
desideratum It ma)' then be supplemented 

The second aspect of the inquiry is a medical one It entails an examination 
of the literature on the venoms of, and cases of snake-bite by, the poisonous species, 
and its supplementing by the collection of records of bites from several sources, 
namely, the British Army medical records for the Great War, the Royal Air Force 
Medical Service, the Medical Department, Ministrr of Defence, Iraq, and, as might 
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be expected, tlie most fimtful souicc of all, the lecords of the Iraq Health Service 
A ceitain number of cases were collected fiom unofficial sources but were usually 
not accepted as evidence A certain amount of cpidint folklore i elating to snakes 
and snake-bite vas revealed m the coiuse of these inquiiies It is hoped to 
publish this elsewheie in a separate papei 

The purely zoological data that lesulted from the examination of ovei a hundred 
or so specimens and that have no relevance here, have been sent to tlie Bombay 
natural History Society The inquiry extended from the autumn of 1927 to the 
early spring of 1930 

A total of twenty-four species of snakes was established for Iraq They were 
two members of the family Typhlopidas, one of the Leptotyphlopid®, one of the 
Boidai, eleven of the aglyphous colubiides, four of the opisthoglyphous colubrides, 
one of the Hj^liophiidai (old Proteroglypha, Hydrophiinse), one of the Elapidise 
(old Proteroglypha, Elapinac), and three of the Viperidoe The opisthoglyphous 
snakes are not consideied here as poisonous, though it is frankly admitted that then 
right to omission is debatable However, there is no evidence at present to be 
offered one vay or the other as to whether such species m Iraq may be considered 
dangerous 

Five species aie considered dangerously venomous They aie the Hook- 
nosed Sea-Snake, Enhjdnna schstosa , the Hoodless Cobra, Naja moigani , the 
Levantine or Blunt-nosed Vipei, Yxfeia Jehehna , the Horned Viper, Ceicntes 
coinutus , and the Saw-scaled Viper, Bchs cminnim 

It IS pertinent to summarize the physical chaiacters of Iiaq The present 
political kingdom, which is the area embraced by this inquiiy, includes classical 
Mesopotamia or ‘ land between the two livers ’ the neighbouring plains , and also 
the biokeii ground, hills and mountains, north and east of Baghdad, that is, the 
Jebal Hamrin and the heights of Kurdistan ascending to Anatolia and the Peisian 
Plateau The silt plain from Hit and Samarra stretches away to the Persian Gulf 
in the South, threaded by the ancient iivci«, the Tigiis and the Euphrates The 
lower course of the latter is beset with lake, marsh and varying channels Before 
the rivers reach Basra in the south they join Then waters how on as the Shatt-el- 
Arab (River of the Arabs), are joined below Basra bv the Karuii River of Persia 
and empty into the Persian Gulf at Fao An adjoining strip of territory gives Iraq 
its coast V est of the Euphrates the Shamiyah and Southern Deserts roll away 
m a gradual rise to Nejd On the east the ground from the Tigris ascends to the 
Zagros Mountains and the Persian Pusht-i-Kuh 

The plains suffer m summer such degrees of shade temperature as 128°F , in 
the winter frozen puddles may be seen on the roads Ram is limited to about ten 
or so w^et daj'^s in the winter In Kurdistan and the north-east more coolness and 
rain are the natural accomjianiraeiits of altitude, more northeily latitude and 
increased \ egetation 
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Four fc^pes of habitat will be obvious the marine waters of the Persian Gulf 
and Shatt-el-Arab estuary, the riverain cultivation and marsh, the desert plains, 
and the broken ground ascending to Anatolia and Persia in the north-east 

The population of Iraq is less than three millions and is massed mostly in the 
tonus and villages along the rivers It is probable that this portion of the people 
is not more subjected to snake-bite accidents than the portion which is nomadic, or 
inhabits the less accessible places where medical aid is none too easily procurable 
It IS therefore probable that anv statistics of snake-bite eases obtained will provide 
an underestimate of the danger to man from snake-bite in Iraq 
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The poisonous snakes of Iraq 

There is little literature on the snakes of Iiaq as such, though that of certain 
of the individual species is very extensive However, the Bombay Natural History 
Society issued a small pamphlet in 1916 for the benefit of the interested members 
of ‘ Expeditionary Force D ’ and a certain amount of mfoimatiou on snakes alieady 
recorded from Iraq or likelv to be found there was included There was a most 
commendable response to this pamphlet and the material amassed during the War 
was published in a series of papers in the Journal of the Society These papers were 
ultimateh collected into one volume—' A Survev of the Fauna of Iraq ’ Two of 
the papers dealt with snakes The first one b}’ Boulengei (1920) contained records 
for the first time from Iraq of Naja morgam, Yijpera lebehna and Cerastes cornutus 
The second paper by Miss Procter (1921) contained no reference to poisonous species 
I know of no literature referring to records of sea-snakes taken in the neighbouihood 

* See Januar\ 1953 nutnbci of the Journal (Tn the Pjess ) 
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of the Sliatt-el-Arab estuary, butBlaiiford (1876) and Malcolm flmith (1926) descnbc 
species that occiii in the Persian Gulf 

Sinderson (1924) recoided the occunence of Eclm cannatus in the Middle 
Euphrates area 

Family HYDROPHIIDiE 

The HooK'Kosed Sea-Snake, Enhydrina schistosa (Daudin) 

The species was fiist desciibed a"^ Hydiophs scJnslosns by Daudin (1803) as an 
inhabitant of the Indian seas In 1876 Blanford referring to it under the s'^monym 
Enliydnna valaladyen Boie , lecorded its occiurence atGwadaron the Baluchistan 
coast Boulenger recorded in 1896 a specimen from Muscat under the synomun 
Enhjdnna valaLadten In 1926 Malcolm Smith published recoidsfiom Karachi, 
Persian Gulf and Muscat 

In 1929 four black-banded, bluish-grey sea-snakes weie discovered preseried 
in spuit in the Museum room of the Agricultural College at Eustum Farm, south of 
Baghdad They were labelled ' Hydwphs cyanocincta — Persian Gulf, 1921’ and 
were assumed to be duplicates of the Cox-Cheesman collection made about that 
time 

Hydi 02 )his cyanocinctvb accoiding to Malcolm Smith 0926) is chaiacteiized 
by 37-47 rows of scales at mid-body which aie imbricate thioiighout and usuallv 
have a central keel vhich ‘ may be broken into a senes of tvo or three tubeicles ’ 
The same writer characterues Enhyduna schstosa by 49-66 scales at mid-bodv, 
the scales imbricate oi siib-imbiicate and with a short centialkeel Both snakes 
may be pale below and with a bluisli-giey dcisiim banded black, as w'as the coloui 
of the four specimens found at Eustum Farm 

These tallied perfectly with each othei as regards appearance and pioporti6ns 
The scales, which w ere siib-unbricate, bore the very’^ faintest suggestion of central 
keeling and numbered 54 low's at mid-body in the only specitnen ‘ counted ’ The 
lostral turned down under the upper Iip and projected over the lower law This 
IS presumably the characteristic gi\ ing the reptile its populai name ‘ The Hook- 
nosed Sea-Snake ’ {see Plate XXII, facing page 613) I have felt justified m 
recoiding the species as inhabiting the marine waters of Iraq It is possible 
that it may appear in the Shatt-el-Arab at Basra, as Finn (1929) has recorded 
its occurrence in an Indian river eighty miles upstieam from the coast 

According to Malcolm Smith it is the commonest sea-snake known and is 
distributed from the Peisian Gulf to the coast of Cochin-China and the north coast 
of Australia I know of no vernacular names that would apply to it in Iraq other 
than the ‘ Haiat-al-Bahr that is literally the ‘ snake of the sea ’ 

An engineer from one of the dredgers employed at the bai of the Shatt-el-Aiab 
oil Fao told me that it wvas no uncommon thing for sea-snakes about foiii feet long 
to be emptied out of the sludge buckets wuth then othei contents He said that 
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tlic^e snakes m ere invariably greerusb-grc}’- witli black bands They were known 
to the until e crev as being poisonous 

It may be of passing interest to note that other species of Hydiophiidie occui- 
nne: m the Persian Gulf are — 

Thallasophna uipninw (Schmidt) Peisian Gulf and Muscat 
Hyirophs sjmahs (Shaw) Peisian Gulf, Gangestum and Muscat 
Hydrophs cyanocinchis (Daudin) Persian Gulf 
Hydrophsomatus (Gray) Muscat 
Hydroph‘: lapemoide<f (Gia}) Peisian Gulf and Jask 
Lapemisciahis (Shau) Muscat 

M iC) ocephahpht’! gumhs (Shan) Peisian Gulf and Gulf of Oman 
With the exception of the last named all might give the impression ot being 
greemsli-grev, banded black Howexer theie are no definite iccoids of their 
association with the Gulf as far noith as Eao 

Fajiily ELAPIOiE 

The Hoodlfss Cobba, Naja morgani Mocquaed 
Mocqiiard (1905) described Idaja vwigam as a iiey species from five specimens 
brought fiom ‘ Perse (Arabistan) ’ by M Morgan Mall (1908) described a black 
snake from Persia (Maidan Mihaften, I believe) as Atwctaspis v thorn This name 
vas given as a synonvm of N morgani by Boulcnger (1920) when recording the 
occurrence of the latter in Iraq, on specimens from ‘ Shaiba and Mesopotamia ’ 
collected by members of Expeditionary Force ‘ D ’ 

MTien talking to Mr M’’ H Parker, Assistant Kcepei (Amphibians and Reptiles), 
at the British Museum m 1930 my attention was drawn to the raritj Wallet inncsia 
mgyptia Lataste, m \ leiv of my forthcoming departure for the Sudan I y as shown 
it figured m. Anderson’s classic and immediately remarking on it« superficial 
resemblance to N mot gam, determined to follow the matter furthei The first 
thing to do n as to establish a pnma facie case for relationship , thereafter to examine 
the generic status of bo h species and then pioceed to a detailed examination and 
comparison of all available specimens of both The exigencies of time and circum- 
stance have permitted little other than the formulation of a good prima facie case 
Mr M'' H Paiker was good enough to examine the British Museum specimens of 
W wgyptia and N mot gam for the presence of the small teeth behind the maxillary 
fangs, upon the existence of which generic validity depends Naja morgani was 
proved to be undoubtedly a Naja The specimen of W mgyptia examined certainly 
showed no teeth behind the fang on the side dissected, but there i\ as a roughened 
area present on the maxilla suggesting that it is not impossible that teeth were there 
originally Pending furthei investigation I considered a Scots veidict admissible 
and still think a detailed compaiison of inteiest 
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Lataste (1887) descjibod the species Wahennnesin ccgypha fiom, I behcve, tiao 
specimens They w ere purchased from a snake-charmer m Cairo by Dr ^y alter 
Innes, who stated that the vendoi had declared their Arabic name to be ‘ Bargil ’ 
One of these specimens is in the Biitish Museum and is, I presume, the specimen 
on which the descriptions of Boulengei (1896) and Anderson (1898) are based 
Flower (3 923) first described a specimen with a satisfactorily established provenance, 
the Cairo-Suez road Mortens (1929) writing of a further speeimen m the 
Senckenberg Museum said it was one of six specimens known and the second one 
only, of which the place of collection had been precisely stated, the first one being 
that of Flower’s description above , the provenance was the same, the Cairo-Suez 
road 

In 1929 Tcnfiq Begal Naqib of Baghdad and Basra was good enough to compile 
for me a list of the Arabic names of snakes used in Iiaq The name ‘ Bargil was 
listed as applif able to <i ' poisonous black or daik-coloured snake about a metre in 
length ’ A knowledge of Iiaqi snakes suggests at once that the description applies 
to N mo)gmn alone On the othei hand it was ncvei my expenence to hear the 
Avord used in the field at all I found invaiwbly that: a black oi dark snake A\as 
liteialh so described as ‘ Uibid ’, ‘ Alnid , oi ' Haia Soda and m Kurdistan 
‘ Man Rush ’ However there are moie tangible things than a colloquial name 
common to both 

IT'’ mgyptia and N moigam lesemble each other in having the neck slightly 
dilatable only , m the proportion of the tail to the total length , m being of a uniform 
coloiation A\ith the Aentei of a slightly paler and flattei shade than the doisura, 
the coloui being black, purplish, or dark brown , in the distiibution and pioportions 
of the head-shields and in the counts of the ventials, doisal rows, and caudals In 
both species six or so of the moie proximal of the latter are undivided, while the 
remainder are divided 

Thev differ, firstly, in that the first named has been recorded only from Egypt 
and the other only from Arabistau (Persia) and Iraq , secondly, in that the maximum 
recoided length of W ccgypha is 1,280 mm and that of N moiyam only attains 902 
mm , and thirclK', theic is the absence of small teeth behind the fangs in IF ayypha 
The fiist two of these difieiences <^ignify nothing , the thud is vital Of the six 
specimens of the Egyptian species, I wonder how many of the tuelve sets of 
maxillary teeth have been examined I peisonally know of one dissection only 
and the result was quite inconclusive 

I shall aivait the publication of fmthei inateiial, or the opportunity of 
exammmg furthei specimens myself, with interest, and in the meanwhile 
tentatively suggest that the snakes are eonspecific and should stand as Naja 
(Bg7jp>tia (Lataste) 

I give hcie a table of what characters I have been able to collect concerning 
the two specie® — 
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Table I 


Species 

Length (mm ) 

Ventrab 

» 

o 

tu 

O 

Cu 

"a 

c 

<: 

SUJ RALAWALS 

Colour 

c 

K 

% 

O 

Remarks 

Number 

Into eye 

ir (cgyplia 
(jtnderbon loc 

Cll ) 

1,187 

189 

48 

25 23 

> 

7 

3-4 

Dark brow o 
Belly paler 

1 7 


1 

IV ccyyptia 
{Mertcnsloc cti) 

1,280 

191 

45 

27 23 

0 

7 

3-4 

Dark brow'u 
Belly paler 

1 7 1 


N moryani 

(Alootimnl loc 
ctl ) 

002 

1 

40 to 
4G 

? 

2 

7 

3-4 

Dark brown 

I Bollj paler 

] 08 

Com))osite of 
his five 
specimens 

A' viorynni 

icihom A\aU 
loc ci( ) 

819 

1 

? 

? 

1 

7 

7 1 

3 4 

Unifoiiii black 
Belly plum 

boOUB 1 

1 ’ 


N vinryant 
(AVriter — ^Mosiil) 

304 

185 

43 
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Naja mo)gam is thus found from south-westeiu Persia (Arabistan) io liutba 
in the >Shamiyah Desert vu Mesopotamia south of Mosul If Naja cvgyptta should 
prove to be valid the western limit of distribution is Eygpt and the snake may be 
expected to occiu in northern Arabia and the Levant 

As mentioned above, the snake i<5 known to the natives of Iraq as the ‘ black 
snake , that is, in Araliic Haia Soda, ‘ XJrbid ’ oi ‘ Abrid and in Kurdish as 











































Znqiwy nUo Snal:e-Bite in hay 

Mari Rush As such it is confused with Cohihci jt/gvlaTts var nsiciniis in its 
melanotic foims 

Specimens "vveie taken in such diveise surioundings as a mud tennis-court, a 
hole in Mosul Hospital gateway, a bricked water-containing well, a desert track 
near cultivation, and baic deseit A specimen handled freely by several persons 
hissed angrily but made no attempt to bite 

Family VIPEEIDHi: 

Sub-family VIPERINM 

The LEVAiiiTiNE or Blunt-nosed Viper, Vipera lebelina Ltnn;eus 
This snake was first described by Linnasu-^ (176b) as Coluber lebefmus, its 
provenance being lecoided meiely as ‘Habitat Oriente ’ 

Its distiibution is in Europe, the Cyclades and Cyprus , in Afiira, the Atlas 
Mountains of Morocco and Algeria, and m Tunisia , there aie no recoids from 
Egypt , 111 Asia it is found in Asia Minor, the Levant, Transcaucasia, Northern Iraq, 
Persia, Northern Baluchistan, Afghanistan and Kashmir 

Boulenger (1920) recoided its occurrence m Iiaq from Baghdad and Aushuiu 
From 1927 to 1930 1 examined seven moie specimens They came from Siilamamia, 
Mandali, Mosul, Baqubah, Jebal Hamrm, Qaiagan, and Bara^jan on the Greatei 
Zab Rivei , all these places being nfnth-east of Baghdad and either in hill country 
or immediately adjacent to such country No specimens have been lecoided from 
the desert plains south and west of Baghdad This is peihaps not surprising uhen 
its absence from Egypt is considered in contrast with its occurrence in and neai 
the Atlas Mountains It appears to inhabit a continuous succession of barren, 
hilly features from the Atlas Mountains of the west via the Cyclades, Taurus 
Mountains, Levantine Highlands and Persian Plateau to the noxth-nestern 
mountain masses of India 

That it IS confined in Iiaq to the north-eastein quadrant of the countr}, 
pivoting on Baghdad, is also suggested by evidence fiom two other soinces, firstly 
that of the veinaculai names, paiticularly those referring to its attributes of 
‘ deafness and blindness ’ and secondly that of the distribution of snake-bitc oases 
considered in conjunction with the distribution of other Mesopotamian vipers 

The attributes of the Levantine Viper which chararterize it, and distinguish 
it readily from othei snakes occurring in Iraq, are its toipidity b\ day, and shape , 
particularly when considered in conjunction with its size and poisonousness To 
the native who encounters it, generally on barren, giavelly hillsides under stones, 
it is blind and deaf because, instead of shooting away m a flash of coils, it moves, if 
at all, slowly and sluggishly Shouts and excitement, stones and sticks, all leave it 
apparently oblivious, that is, it is deaf and blind Needless to say there have been 
occasions, when it was stepped on, when only too niiich liveliness was evinced 
0 coinutus and E canmfus, the othei vipers of Iraq, exhibit the vciy greatest 
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activity v\ lion rhstmhecl T]ic liead and neck of F hbetma though vipenne ni 
shape, aie not so defined as those of jE caHnu/us, and do not approach the ‘ace 
of spades ’ appearance of the cephalic end of C coinutus The body, however, 
relatn e to the whole animal, is fatter and the tail thinner and more abrupt 
A large F lebchna may be tv ice the size of the largest of either of the other two 
species All .iveiage adult F lebrtma is, m Iiaq, of a pale ash colour blotched 
indistiiictlv with a reddish blown The othei tv o species to a native, as to myself, 
voiild come} an nnpiession of yellowishness 

111 short, any snake desciibcd m Iiaq as deaf oi blind, or deaf alone, is a Levan- 
tine Viper If 111 addition, bigness redness, fatness of body and thinness of tail, 
and poisonousness are also mentioned, identity is made doubly certain 

In discussing the vernacular names applied to this snake it may first of all be 
mentioned that in Cvprus, vhere the snake is very common, it is referied to as 
‘ Koufi a Greek deiivation meaning ‘ deaf ’ (Anderson, 1898) Fuither, the ‘ deaf 
adder ’ of the Psalms can be no other than F lebetma, the Daboia xanthina of 
Tristiam (18831 

An Arab snake-charmer in Mosul in 1929 desciibed to me amongst other local 
snakes ‘ Haia Anna the ‘ blind snake ’ This, he ssid, was blind and deaf, of a 
blown colour, had a fat body, a tail like a cigarette and sometimes showed its teeth 
(fangs The village notables of Dohuk further north also spoke of the ‘ Haia 
Amin ’ , they said it was blind and deaf, had a fat body and a small tail, was gie} 
V ith brown marks and was deadly poisonous They said its name in Kurdish was 
‘ Man Kura ’ ‘ Haia Tursha ’, the deaf snake, invariably claimed to be fat, sluggish 

and deadly poisonous, I have had described in Mosul, Suwara Tuka area north of 
Mosul, Erbil, Kirkuk, Qaragan and Khaniqin All these places aie in the noith- 
eastern corner of Iraq From the desert plains south and west of Baghdad no 
descriptions of, or names applicable by any stretch of imagination to, the Levantine 
Viper (except two given below) came my way in over two years during which was 
amassed material from such varying sources as natives, students, notables and 
officials The excepted two names came from Diwamyah m the Middle Euphrates 
and were communicated by a native who was careful to impress upon me that these 
two snakes were only found m the north of Iraq and not m the Diwamyah area 
The first of these names was ‘ Haiat al Farsiyah ’, the ‘ Persian Snake ’, which was 
said to be big, very poisonous, brown and grey, and found only on the Persian 
frontier this is very much a true bill for F lebetma The other name was ‘ Arbid 
al Nahram ’, the ‘ En er Snake ’ It was said to be dark red, poisonous, and found 
in towns m the north of Iraq It is of interest to mention m connection with this 
last name that in 1929 Mr J Parlby told me that he had seen travelling 
downstream m the Diyala Eiver near Qaragan, a snake answering to the description 
of F lebetma The evidence of the vernacular names points defimtely to this 
snake’s occurrence m north-eastern Iraq only 
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An Inqwnf into Snale-Bile w Jiaq 

T am Inborn inff on tho 'iiibjcct of di'itrjlmtioii oo account of its interest and 
mipojtance ndien cases of bite by iiniclontifiod snakes aie considered 

In Tiaq, as cisewbeie, a in.in bitten by a snake rare!} secures it and often can 
only describe it is ‘a snake ’ Re%enteen examjilcs of such cases, in nliicli the 
symptoms weio those of vipeime poi'sonmpf are detailed beloiv No fewer than 
fifteen of them came fiom this area, wliere F lehehna is common, where tivo cases 
of bite in winch the oftenders weie secured and identified as F lebelma came fiom, 
where no Eclns caiinah(<i has been iccoided from, and from wdierc only two out of 
ten Ceta'^ies roimifut lecoided foi the wdiole conntiv have been reported, these two 
incidontalh not beim? thoionyhh aiithenticated F Jobeh)in stands snyfrested as 
tlie ciilpiit The coirect isolated siynifieanee of tins is preeumably that F lebeiwa 
IS at any late veiy mncli commonei in the noith-east of the conutn’ than 
elsewhere 

I know of no literature oi data relating to the mutual exclusiveness of viperme 
species on cecological grounds but possiblv there may be a fuither argument 
available in this respect 

In any case I feel justified in contending that the various facts i elating to 
F lebetnm mentioned above can mean only one thing, wdien taken together, and 
that IS, that this species is limited to north-eastern Iraq 

The HoRisrEn Viper Cerastes cornutus (LinNjEus) 

This species was first described undei the name of Colvhej conmim bv Limveus 
(1757) as occurring in the Levant 

Boulengei (1915) gave its distribution as ‘ Soudan and boideis of the Saliara, 
Arabia and Palestine ’ The snake is indisputablv figured on the monuments of 
ancient Mesopotamia (Koldewey, 1914, and King 1915) In 1920 Boulenger 
recorded six hornless specimens from Mesopotamia , the}’’ were from ' Basra and 
Shaiba ’ In 1927 the writer was presented with a fine horned specimen taken at 
Nebr, near Nasiriyah on the lower Euphrates In 1930 a horned specimen was 
received from Butba in the Shamiyah Desert It is notable that these eight 
records are from flat desert areas north-east of the Euphrates Towards the close 
of 1929 a Syrian doctor was sent to enquire into a case of sudden death at Dera 
Gidjnik near Dohuk, north of Mosul He returned satisfied that the man had 
died twenty-four hours aftei being bitten by a snake described by the relatives as 
having horns, being two and a half feet long (recorded in hand spans) jicssessed of 
a tliick body and with the head broader than the body The snake had been 
buried The bodies of neither snake nor man were exhumed for examination 
Natives of Mosul and Dohuk, and further north, questioned by me invariably 
stated that they had heard of homed snakes but never seen them There is a 
story m Baghdad about a fatalitv in the Turkish time caused by a snake with a 
triangular head , this must have been a C coinuim 
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If tlio Hoi norl Vipoi does ocrui oast of the Eiiphi ates it must bo \ ory i are It 
appeals to bo found niainlv in the deseit plains west of the Euphrates 

Yornacular names foi it arc numcious Heferiin" to its horns are ‘ Qarna 
‘ Um Gruii ’ and ‘ Haia Bikarun ’ Its habit of coding to a flank with its head 
threatening to the fiont has seemed it the name of ‘ Um Jenaib ’ (‘ Abu Jenaib ’ is 
the name applied to the local freshw atei crab) 4 hornless specimen would probably 
share the followmig names with Ecln<i caiinaliic, both being of «imilai appearance, 
■\cllowish and poisonous, and moreovei both having the habit of making a lasping 
noise by rubbing then coils togeth''i ‘ Haia Safi a ’, the ‘ yellow^ snake ’, said to 
be yellow ind poisonous and ‘ Efa ’ the classical w oid foi viper In Mosul I was 
told of the ‘ Fiyah presumablv a corruption of ‘ Alfiyah peitaining to ‘ a 
thousand’ This w is applied to a two-hoiiied snake Tlieie is a certain amount 
of folklore about poisonous snakes that live to be thousands of years old So much 
for the Arabic names In Kuidish there aic tw'o names that appear to be applicable 

‘ j\Iari Zurt ’ used of a jellow and poisonous snake, and ‘ Man Swara ’ used of a 
yellow poisonous snake that throws itself at people on horses ' In this connection 
it IS interesting to recall that A.nderson (1898) attests the saltatory powers of 
Coaster cormdu<i 

Thh Saw-scaled Viper, Echis carinatus (Schneider) 

This snake was first described by Schneidei (1801) as Pseudaboa cannata 
Bouleiiger (1919) gav e its distribution as ‘ desert and sandy districts of Afi ica, north 
of the Equator, Southern Asia, from Transcaspia and Arabia to India ’ Sinderson 
(1924) recorded its occurrence in the Diwaniyah area of the Middle Eupluates in 
connection with a snake-bite fatality in 1923 The next yeai two policemen in 
Diwaniyah w'ere bitten by two snakes thev'^ were handling The snakes were 
identified as specimens of Echis cat inatus In 1927 occurred anothei case of snake- 
bite in this same area The snake was secured and identified as Eelns cm inatus 
No records of this snake have come from elsewhere in Iraq and it W'ould appear that 
the distribution is confined to the sandv desert patches of the Middle Euphrates 
Apropos of such an isolated distribution it is interesting to note that Wall (1928), 
discussing its occurrence in India, writes ‘ it is distributed chiefly in isolated patches 
where it is frequently very common ’ 

Echis carinatus enjoys all the attributes of the hornless Oeiastes cornutus 
Incidentally it may be pointed out that seven out of the ten C cm nutus recorded 
above were hornless, and Anderson (1896) in a series of thirteen found no fewer than 
seven without horns In such circumstances there would be little to distinguish 
the species (except to the expert) and the following would be characteristic of both 
Yellowi°hness, broad head neck defined, fat body, thin tail, sidewajs coiling with 
head to the frOnt, slithermg under the sand, rasping noise made by rubbing the coils 



010 Au Inqvny into Snale-Bite in Iiaq 

togetliei, poN\ei of joilcing (jumpin") nljoiit, oompaintn 0"sniannoss of si 7 e and 
poisonousness 

The follon ing Arabic names might be used of it in tlie Dnvaiiiyali area as tlie^ 
would also of a hornless Cemstes ‘ Um Jenaib ‘ Efa ’ and ‘ Haia Safra ’ A 
native of Diwaniyah once told me he had heard of a snake called ‘ Sul al Tai^uir , 
that IS, ‘ thin one of the bird , it vas brown and povei fully poisonous ^ charac- 
teustic of Eelns caunatns, if piesent, is a daik maikmg as of the foui toes of a bud 
on the head I have no records of this name from othei paits of the counti} 

This zoological pieamble mas be fittinglA concluded with a simplified key to 
the identification of the fi\e poisonous species It is, of couise, formulated with 
careful legaid to the characteristics of the non-poisonous sjiecies that occur m the 
counti\ These aic Typhlops hiammus, Typlilops vermicidarts, LeptotypMops 
maoorhynchus, Eiyx lacnhis fmmhaiis, Natiix tes&eUatns, Colvhei dahhi, Colubei 
diadema, Colubet pugulai is, Colnhei iaveigien,Cohibei venhmmcutatzis,Lyl\)i}iynclms 
diadema, Conha collmis, Contia coionella Contia decemhneata, Conha persica, 
TaibopJns fallal iheins, Malpolov monspessiiJana, Malpolon moilensis, and Psammo- 
phis sch'okai i 


Species 

1 

1 

Field identification 

1 

Chnching oliaiacfeiistics 

E echislosa 

From the ^ea or Shatt el A*’ab OarJike 
flattened tail Giev, gieen, oi bine, 
barred darker Eellv paler 

Mid bodv rous 40 — 6G Ventrals 

slightly enlarged Scales sub 
imbricate u ith faint central keels 

iV morgam 

The only uniform black, purple or dark 
brovm snake in the countr\ No neck 
and a small 03 e and sturap\ tail 
(C jugulans may have a black dorsum but 
it lias a coloured or rrliite belly, a large 
eye and a tapering tail ) 

Fangs, no loreal, third supralabial 
touclnng eye and uostnl 
Several of the more proximal 
caudals single , othert divided 

V hbettna 

An olive, brown, grev or reddish gre'v snake 
uith a hlnnt snout, a thm neck, a fat 
body, a very stumpy tail and no large 
plates on the head The scales are 
keeled and the pupil vertical Found 
particularly under stones in a torpid 
[ state by day, in N E Iraq 

Erectile fangs Ventials 147-180, 
caudals 20 — 51 divided, doisal 
rows 23 — 27 

C cornufns | 

j 

I\I'a 5 ' have horns ‘ Ace of spades ’ head, 
fat bodv, thm stumpy tail, yellornsh, 
spotted brown, keeled scales, vertical 
pnpil, no plates on head Rasps roils 
agauist each other 

Erectile fangs yontrals 130 — 166, 
caudals 26 — 42 divided, dorsal 
rows 27 — 35 

1 

■■■ 1 

E cannatua 

As for G cornvtus without horns, except 
that the flat tnanguinnty of the head is 
not BO defined, there may be wavy lines 
instead of spots down the back and there 
may be a ‘ broad arrou ’ oi ‘ birds foot 
mark on the head Found in Diwamvah 
area onlv as far ^s is known 

Fangs It IS the only snake in 
Iraq with the complete senes 0 ! 
snhcaudals wndindedt 
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SNAIvC-BITr TN IrAO 

I know of no ('\ Klence tliat suggests ain appreciable climatic or economic 
iliango in Iraq within histone time, noi does there exist to my knowledge 
am infoiimtion suggesting that the ophidian fauna has changed It is therefore 
of mteicst to note any rcfei dices or evidence that maj have survived 
the passage of time, i elating to snake-bite in the ancient civilizations of the 
country 

iSlcriglissai 111 describing his beautifying of the Temple of Marduk m 

Babvlon speaks of ‘ eight serpents standing upright which hiss deadly 

poison’ (Koldewe\, 1914) Di I? Campbell Thompson was good enough to 
point out to me three inteiesting references included in his Assyrian Medical 
Texts There is ‘ A piayei to avert the evil of a snake that it should not 
approach the King coupled w'lth an apparently magical procedure involving 
a part of the snake, herbs and certain rites More to the point perhaps is 
‘ If a snake bites a man, thou shalt peel root of cyperus , let him eat it 

and he shall recovei ’ There is also ‘Tf a snake bites a man he °haU drink 

calendula {'i) in beer and recover’ Mi C J Gadd of the British Museum 
ven kindly gave me a certain amount of information about snakes in ancient 
Mesopotamia and mentioned amongst other items ‘ an evil snake ’ that 
miaht fall upon a man Mr Sydney Smith (late Director of Antiquities, Iraq) 
supplied me with the very interesting information that the Assyrians had a 
Sumerian loan-word, Miislahhu, meaning ‘ washer away ’ of snakes This would 
appear to indicate the existence of snake-charmers, and thus suggests that 
snake-bite was an established danger then, as now 

Professional and amateur snake-charmers are found in Iraq to-day In 
my experience they are ignorant and xery lucky They mostly ecxhibit the 
harmless Gray’s Whip Snake, C ventnmaeulatus, the commonest and most 
easily obtained snake in the countrv Fortunately for them the poisonous 
snakes are rare in comparison Such a person is generally known as 
a Sheik (a word of diverse application) in consequence of his believed 
supernatural powers The Sheik of Case I recorded below was not one of the 
fortunate ones 

I was told in Baghdad and Mosul that a snake-bite is more dangerous if deli- 
vered by the snake while on its back A belief is held in Diwaniyah and Baghdad 
that bites on the ankle are always fatal while those elsewhere are not necessarily 
so I was told in Baghdad that if the water in which a poisonous snake had been 
boiled was diunk a partial immunity to poisoning by that type of snake was 
conferred 

The drinking of milk is a popular remedy foi snake-bite throughout Iraq 
In Baghdad I was told that the coriect mode of treatment was to ^ive 

J j MR 1 
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Ai? Tnq^my into Snalce-Bite in Jiaq 

milk to the patient m gieat quantities and then have him swung violently bv 
the foul limbs till he vomited Di T II McLeod told me that in Diwaniyah 
it was customary to shake bitten persons to prevent their sleeping In the 
Mnntafik Liwa, Dr I D Eamsay said it was commonly stated that a bitten 
extiemity should be placed in the newlj opened abdomen of a sheep or 
goat Tins same belief is held in the Erbil area A snake-stone is another 
lemedy used in the Mnntafik Dr T H McLeod informed me that further 
north, 111 Diwaniyah, snake-stones arc knovn also They are made from earth 
mi'xed with the semen oi lomitofafoi the''') make and nhen diy are applied 
to the wound 

The town notables of Delude north of Mosul, in September 1929 told me that 
certain of the inhabitants of the neighbouiing village of Mungash n ere held in esteem 
for treating snake-bite by suction preceded by scarification I gathered it was 
of the nature of a family exaft handed down from father to son Dr T H 
McLeod in lus monthly report for April 1924 from Diwaniyah stated that a 
local Seyyid (dcscendent of the Prophet) had a reputation for treating successfully 
snake-bite cases by suction 

To turn to the more sophisticated aspects of snake-bite in the country 
it IS surprising to note that the Biitish Troops during the War had apparently 
no trouble with snakes, for the Director-Geneial of the Army Medical Service 
in reply to an inquiry on the sub 3 ect was good enough to communicate on 
22-5-30 that ‘ the records of the Mesopotamian Expeditionary Force now 
available do not contain any reference to casualties from snake-bite ’ 
The Principal Medical Officer of the Pvoyal Aii Force Medical Service in Iraq 
kindly ascertained for me in 1929 that their available records in the conntiy, 
which covered the years 1923 to 1929 inclusive, were devoid of reference to 
snake-bite The Director of the Medical Service, Iraq Army, was able to supply 
me with a single fatality (Case I below) Search amongst the records of the 
Iraq Health Service and communications from colleagues, however, gave me a 
further twenty-four cases 

The only literature on snake-bite in Iraq is Smderson’s (1924) interestm" paper 
on an Eclm fatality This is amplified slightly as Case XX below ^ 

The twenty-six cases recorded as having occurred in Iraq may be taken as 
covering, say, fifteen years (since 1915, the Wai period) Even if doubled to allow 
for cases not coming to notice, the annual incidence m a population of 2,800,000 
people IS thus showm to be economically negligible However the scientific interest 
remains It is justifiable then to examine such cases in detail The following table 
summarizes the analysis — 


* See January 1933 number of the Journal (In the Press ) 



Enhydnna <ichistOM, the Hook-nosed Sea Snake 
(By Courtesy 0/ the Royal College of Medicine, Baghdad ) 
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Tahit it 


Snako 

Total cnsc"! 

Pnt il cases 

Mortahtj 
per tent 

Remarks 

F schistosn 

1 

Yil 



A morgani 

All 

\il 



Probnbh .Y morgani 

y 


100 

Ver\ small senes 

V IJjcti na j 

1 

I 

-><> 

1 Average n ortalitj -- SS 3 per cent 

Probnblr P Irhdina 

1 ! ^ 

4 

>7 

' \ fair senes 

0 corniilus 

I 

1 

1 

A’tl 


! 

Probfiblv C rornntU'i 

1 

o 


1 100 

1 

j A small and doubtful senes 

E cannalHs 

4 


25 

1 Average mortaliU = 40 per cent 

Probably E cartnalus 

1 

1 

ton 

‘ SninJI senes 

UnknottTi 

ey 

Nil 


Possibly Ceraites or Echi or n 
Cohioer 

Total 

2(. 

11 

40 

Probably too high an lude'V 


Poisoning by E scimtosa 

There are no records from the waters or coasts of Iraq, but the literature is of 
interest 

That on the venom is scanty but Fraser and Elliot, and Kogers (1903-04) 
stated that the venom was ten times as toxic as that of the Cobra, JVaja tnpyd 7 ans 
(naja), and that its effects were exerted upon the vagus centre, the respiratory centre 
and the motor nerve endings in the diaphragm The yield, however, was verv 
small Sea-snakes are shy and moffensn e , their mouths are small and their fangs 
of an apparent insignificance They are only liable to be encountered to any extent 
by fishermen, would presumably be easily noticed, and would ocrtamly be treated 
with great respect as are the most harmless snakes by the vast majontv of natives 
It IS not to be expected therefore that an examination of the literature will reveal 
much I have found one case only , that originally recorded by Peal and quoted 
by Calmette (1908) In this instance a man was bitten by a snake caut^ht in a 
fishing net at Dhamra in Orissa, was given Calmette’s senun when unconscious 
seven hours later and, reacting favoimably, was given more about twelve hours latei 
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(nineteen hours caftei the hite) He was quite w'oll t'wcnty'one hours after the bite 
He iiVas bitten on the tliiimb and 1ns s\mptonis wcic, collajiso, sorni-consciousnecs, 
inability to speak, inability to stand, diooping of the ej obds, swelling and stiflne«s 
of the flngei, and p.nn in the back of the neck and the lumbai legion 

I know of no cases of snake-bite that have occurred on the Iraq coast or 
amongst the local fishermen 

Poisoning hy N vwigam 

Nothing has been recorded about the venom of this snake nor have anv cases 
of poisoning ever been reported A fair litcratnie is available, limvever, relating 
to its' Indian congeners Nap nap, the Hooded Cobra and Nap b'lingarus, 
the King Cobra Theie is also a certain niimbei of data available respecting 
its African congeners Nap hap, the Egyptian cobra, and the Cape 

cobra 

Wall’s (1928) review of the literatnie suggests that the Indian species have 
venoms of comparable potency The Hooded Cobra, Nap nap, discharges possibly 
ten lethal doses m a single bite, and Nap hungmus more m proportion to its much 
larger sihe Bites by Nap nap are characterized hy general weakness, first notice- 
able in the legs, by drooping of the head and eyelids, loss of voice, loss of power to 
swallow, nausea and vomiting, and increasing difficulty of respiration , m cases 
about to terminate fatall)’' the end is often heralded by a convulsion Death, if it 
IS going to occur, often takes place within six hours The reaction at the site of 
mjmy is small in comparison with that resulting from a viperme bite Many cases 
have been well xecotded, notably those of Hilson, Kichards, and Lamb, quoted by 
Wall (1928) in Ins ‘ Poisonous Terrestrial Snakes of India ’ The same writei 
mentions four oases of King Cobra poisoning in which death occurred in a very 
short tune This of course might be expected, the venoms being equally powerful, 
but the King Cobra being able to discharge much more poison in a single bite 

Nap hap has according to Calmette (1908) a venom of much lower potency 
I know of no fatality having resulted from its bite, but Calmette quotes Professors 
Keatenje and Buffer of Cairo as reporting recovery of a thirteen-year old girl at 
Gizeh, who was bitten by a three-foot Egyptian cobra and brought to hospital in a 
state of complete collapse , slie received Calmette’s serum and was convalescent 
two days later 

Epstein (1930) published some work on the venom of Nap flav'a, the Cape cobra 
I believe the animals expeiimented on were cats The venom was similar in its 
action to other Cobra venoms I have only seen a reference to this work however 
Eitzsimons (1912) quotes a case of death following a bite by a Cape cobig, Nap 
JIava The patient, a woman, was bitten on the ankle, the fangs piercing local 
vessels The woman was blind m five minutes, collapsed within ten minutes and 
died witluii three-quarters of an hour 
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Jlonscnat, Scliobl, juicl Gucireio (1920) found that the venom of the Philippine 
cobia, Naja iia^a pIiihppDJOibik, vas slightly moie toxic and slightly less haemolytic 
than that of othci members of the genus 

Fiom the foiegoing it would appear that the members of the genus have a 
chaiarteristic venom which vanes m some degree of potency as between species 
The huger membeis of the genus, other things being equal, will be the more 
dangerous, as thej can inoculate laigei quantities of venom at a bite The 
remaining factor aftecting their degrees of dangerousness to man is aggressiveness 
ENidcnce in this lespect is difficult to assess Naja morqam is, I believe, not of 
an agmessne natuie, for I know of at least two instances m which specimens 
vcrc handled and made no attempts at biting 

I accept the tivo following cases of death as being ascribable to Naja moigam , 
my reasons for doing so are given with the cases 

CiSE by Untdcntifed Siialc with Fatal Itcsult Mosul Aiea Details communicated 

bj tlie Director, Medical Sen ice, Iraq Arm%, Baghdad, 1929 

priiate soldier iilio iias a Sheik and in addition enjojed the reputation of being able to handle 
snakes with impuiiitj , a not uncommon popular attribute, whilst on the march, saw a snake and tried 
to catch it His companions said that the snake was black and that the Sheik said it was harmless 
Death occurred between siv and ten hours later The actual report of the Medical Officer who attested 
the ocourronoo is unfortunately very brief and reads to the following effect ‘ Kecrmt Sheik Hassan 
bin Abbas, on the march between Haman el Ah and Hattra, saw a snake and tned to catch it It bit 
him on the left hand and the v hole of the arm became an ollen On arrival at Hattra first aid treat- 
ment n as given and the patient v as sent to Mosul in a cart He died on the way at 6 r m on 14-2-23 ’ 
Commentary - 1 believe the snake to have been Naja morgam for two reasons Tustly, this is the 
only black poisonous snake in the country, and ‘ psychic ’ death following a bite by a non poisonous 
black snake may be ruled out fairly m a man who has a reputation for handling snakes, and moieover 
himself firmlv believes not only that he is immune but also that he is hardhiig a non dangerous snake 
In any case the only other black snake in Iraq, the fierce but harmless Coluber jugulans var astanus 
(meianotio form), has not been recorded from the area concerned, all records to date being from Baghdad 
and the South Secondly, the mode of action of the poison is typically colubnne, that is, paresis of the 
legs suggested, by the scanty record that ho ‘ was sent to Mosul in a cart ’ or, in other words, could not 
walk , and death in from six to ten hours 

I hav'e no data regarding the first aid treatment oi whether a tourniquet was used The couti 
nuance of the maich and the jolting journey to Mosul in a cart may have served to accelerate the 
distribution and fixation of the venom 

Case II — Bite by Unidentified Snale with Fatal Itesiilt Khanigin Details communicated by 
Dr Ridge Jones, Civil Surgeon, Khamqin, in 1930 

Salim, a Kurd aged 55, when in the gardens at Khaniqin on the evening of 8-7 29 was bitten 
on the foot by a snake of which he gave no descnption Saliir was known as an ‘ old case of asthma ’ 
He was treated with incision and permanganate , and also with * injections of stimulants * His 
symptoms were paralysis of legs, vomiting, collapse, and yawning * He died six hours after being 
bitten 

Commentary —This can only be a case of N morgam toxamiia The snake has been recorded from 
Mandah and Baqubah neaibv, and there is no other cobra in Iraq Death in six hours and paralysis 
of the logs, vom ting and collapse are typical colubnne Byniptomi The yaw ning is of interest It 
mav have been the accompaniment of the feeling of intoxication, lethargy and lariiiess which is an 
early consequence of cobra bite, or it may have been the mode of recording the fact that as the palsv 
affected the jaw muscles thus conducing to the lower jaw falling awav from the upper and exposmg 
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the teeth Rtid tongue (n constant feature of cobra toNiajinia^, tlic patu nt tried to overcome this un 
natural state of affairs by summoning up a failing nbllIt^ to close his j.nis bv strong \ohtional 
control His old asthma may or may not ha\c counted against him A rtspiratori function belou 
par would presumably lessen his chance against cobra venom the Ictlial effect of uhich is exerted 
mainly, if not almost entircl}, on respirator}' mechanisms 

These txt 0 cases suggest that N moiqani is at ain late as ^ enomous as N naja 
of India hether oi no it is as liable to stiike undei etjiin alcnt conditions cannot 
be positively stated 

Poisoning by V lebeltiut 

Theie is no liteiature on the venom of this snake and but one lecoid of a 
ease of poisoning (referred to belou) A fan amount of uoik has been done, 
hovever, on the venoms of the Euiopean members of the genus V aspts and 
F be7us and on that of the notorious Daboia of India, V lusselh 

The venom yield of F asjns is given by Phisalix (1S2;2) as 10 to 25 milligrams, 
when diy This same wiiter places the minimum lethal dose for a man in the 
neighbourhood of 15 milligrams This puts it on a pai with Nuja naja venom for 
toxicity, and it would be possible foi an aveiage snake to administer more than one 
lethal dose The physiological action of the venom is piimaiily one of depression 
to the vaso-motor centre The presence of cytolysins, hsemorrhagin, and haem oly sin 
IS attested by the same author The bite of F aspis is said to be moie feaied than 
that of F berus, and Viaud-Giand-Maiais (1880) has recorded that the moitality 
from its bite in Loire Inferieure and La Vendee was 14 pei cent for a senes of 370 
cases According to Phisalix F aspis poisoning is characterized clinically b}' severe 
pain at the site of inoculation and tumefaction , this increases and spreads If the 
patient survives long enough, hsemoirhagic oozing and neciosis of the affected tissue 
will probably occur Venom transported by the blood may effect this tumefaction 
in remote parts of the body, witness the case of Viaud-Grand-Maiais (1880) in 
which an infant, bitten on the foot, presented a very early oedema of the face 
Lj'mphangitis and adenitis, as might be expected, are salient features 
Systemically, fainting prostration, abdominal pains, diarrhoea and vomiting, 
constriction of the throat, cold sweats, thirst, cramps, icterus, weak and fast 
pulse and feeble respiration may be noted In fatal cases death usually occurs 
in coma within twenty -four hours Anaemia and chronic cachexia sometimes 
piolong convalescence (Viaud-Graiid-Marais, 1880) 

Vipeia bcius (the adder found in England) has a poison similar in its effect but 
less potent I have been unable to find data concerning its yield, but in view of its 
modeiate size its yield is probably comparable wath that of F aspis The toxicity 
of its yenomfor guinea-pigs is tabulated by Acton and Knowles (1921) as one-fortieth 
of that of F nisselh, so one would expect fatalities to be rare, and even so limited 
to children oi the weakly and senile Taylor (1930), discussing addei bite in 
England, quotes Leighton (1901) and Stiadhng (1893) as mentioning five 
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authenticated fatal eases The ti\ o of which details wei e given were boys of 11 and 
11 In the first case, a3doina, gencial discoloration, and collapse were followed by 
death in 36 hoiiis Ta viol’s own cases aie of two adults and two children , none 
w'cic fatal Pam, oidcma, discoloration, collapse, cold sweats, diarrhcna, vomiting, 
nausea, hallucinations, thiist and sleepiness weie notable symptoms Phisahx 
(1922) sa} s that in 216 bites by F bci us in Geimaiiy only fourteen deaths resulted , a 
peicentage slightly less than h ilf that given for F aspis cases In England the 
moitahty is surclj’ vcij much less 

The ill-fanied Indian repi csentativc, F i usselli, has a fairly extensive literature 
Acton ind Knowles (1921) gne the estimated fatal dose foi an average man as 42 
mg and the approximate dose gn on at a bite as 72 mg Nearly two lethal doses 
inaj thus be gn cn , at the simc time a snake probably rarely administers a thoroughly 
efficient inoculatory strike The moitahty fiom F insselh poisoning I have been 
unable to assess but IVall (1928) says it is frequently fatal to man and quotes two 
cases, both fatal , Calmette (1908) quotes no cases at all, a point not without 
significance, and Anderson (1926) and Ra]u (1926) quote tw o lecoveries Its repu- 
tation at ain rate ismoio eiil than that of F aspts IVall (1928) has summarized 
the constituents of its venom as a depressor parahsmg the vaso-motor centre 
(Kogcis), a depressor to nerve cells geneially, a fibrin ferment clotting the blood 
(Lamb), an anti-fibnn ferment reducing the clotting power of the blood (Cunningham 
and Lamb), a hsemolysin destructive to led blood cells (Cuiimngham and Lamb), a 
leiicolysin destructii e to white blood cells (Cunmngham), a hsemorrhagin destructive 
of the hnmg of blood cells (Cunmngham), a depressor to cardiac muscle (Lamb), a 
vaso-constrictor (Rogers), and cytolysms destructive to the local tissues of the wound 
and also to the cells of the liver, kidney and testes The cases mentioned above as 
quoted by ^Yall and recorded by Raju and Anderson differ clinically m no material 
details from cases bitten by V aspis and F berus, except m the apparent increased 
severity of the symptoms Death in the two fatal cases occurred 23^ and 27 hours 
after the respective bites 

I know of no laboratory work on the venom of F lebetina, and am aware of only 
one reference in the literature to a case of poisoning by this species This was 
reported by Fraser (1929) from Cyprus A Cypriot shepherd at Famagusta on 
20-6-29, whilst kneeling to drink from a forest stream, was struck on the scalp by a 
‘ Koufi ’ (F lebetina) He was admitted to hospital eight hours after the bite, semi- 
conscious, with oedema of the scalp, face, neck and chest Great pain is recorded 
and both eyes were closed by the tumefaction Deglutition was difficult and speech 
impossible, apparently owing to the local oedema The pulse was feeble and fast 
There was no nausea oi vomiting He brought up blood and mucus from the 
throat the next day (24 lioius after the bite *) , this Listed for eight hours, The 
day after, that is the 22nd (48 hours after the bite ? ), ecchymoses are mentioned 
as occur] ing, in the eyelids, subconjunctivally, in the throat, and on the right side 
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of the abdomen Further, osdcma and discolointion of tlic penis and scrotum 
NS ere noted Hosvesmr, by then he could speak and sssalloss He ssas ultimately 
discharged fit A notable featine of this case is tliat ilitie n as no suppuration, 
despite the nibbing in of permanganate crystals No htemoirliagc is i ecoided from 
the nose, gums, bonds oi bladdei 

The literature relating to poisoning from membeis of the Genus Vopera has 
been plentifull}'" quoted above to show tliat ns with the Genus Ahyn, the indiMdual 
species possess venoms similai in action but vai} ing in degrees of toxicitv Further, 
the individual species again \aiy in daugeiousness to man bj reason of then giving 
different yields of poison at a single bite None of the species have the reputation 
for aggressiveness enjoyed by certain of the 

Two cases of bite bj' V Jehchoia arc detailed belon, and thirteen cases of brtcs 
by unidentified snakes These latter 1 consider ascribablc to the same species 
because, firstly, they lesemhle cases of Vipoa poisoning and, secondty, they all 
come from an area where Echos is unknown, Coasies extremely laie or unkuoun 
and V lebetina faiily common There aie no other vipenne snakes m the 
country Moreover, in one or two of the cases internal eNidence and the story of 
the patient have given clues as to the snake’s identity 

Case III — Bite by V lebetina tuih Fatal Jimtll Salahyali, Jehal ffamriti M J , an Aiab 
coolie aged tlnrtj, was inoriug a boulder at Snlalnyah m the S Jehal Haninn in the earlj jnonnng of 
7-5-28 when be uas bitten on the right liand b> a snake ^shlch vas secured and subseguentlj identified 
by Dr Mdls at the Central Laboratory, Baghdad, as a F lebetina It uas forty inches long and is 
shonn on Plate XXIV A tourniquet and ‘first aid’ acre applied He vas brought to Baghdad 
later by tram, a six hours’ journey, and was admitted to the Raihiay Hospital there under 
Dr Lanzoii 

On admission (14 hoius after the bite) tlie patient complained of acute jiaiu all ovei the right arm 
nhioh was swollen, blistered and gangrenous The punctures were oo/ing blood The wounds were 
cauterized w ith permanganate and calcium chloride, calcium lactate, adrenalin and liquoi stryehninai 
in two minim doses, four hourly, were aduimistered Epistaxis, hematuria, and meliena developed 
The temperature ranged within 97°P and and the pulse is recorded as, not having exceeded 90 
Death occurred at 4 45 p at on 9-5-2S, about 56 hours after the bite 

Commentary — This w as the biggest V lebetina of the seven speoimeiis I examined It bad firm 
powerful fangs, and appears to have inoculated a large dose of venom m this case It is noteworthy 
that the accident occurred on turmng over a stone Lying under stones is said to be characteiistic of 
this species 

Hiemonhages from tlie nose, bowel and bladder are more cliaracteristin of Felm poisoning cases 
than of those of the Genus Vipera, the venom of the formci piesumably being richei in its bccmorrhagin 
content If such is the case a faiilv large dose of r Qixom must bar e beeu injected, and j et took CO Lours 
to kill This would appear to suggest that the venom is less potent than that of V russelli, which 
killed in tho two oases quoted bv Wall (vide supra) in 23J and 27 hours without bleedings from mucous 
surfaces being noticed Unfortunately I have no mfoimation as to how' long after the T lebetina bite 
these hiemorrhages occurred It may be that such symptoms would have appeared in tlie V nisselh 
cases had tliey lived longer The six hours’ jolting train journey may have served to distribute the 
venom more quickly, that is, in a more concentrated form to distant and vital structures, than w ould 
harm beeu the case had immobility been secured for tho patient immediately after the bite Practically 
speaking, of course, the nctim had to be removed to the nearest hospital with all speed, but the point 
18 none the less of interest 
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Ctsi 1\ — Ilil> III/ X UhciwufcHniLitl by To^i of Tf^iue and JIcloioi/ Mosul Details oomniuiu 
citcl 1)^ Dr Comer, Ci\il .Surgeon, SIosul, in 192‘) 

A mill was ailmittcil to JIosul Cnil Hospital in Vugust 1929 complaining of snake bite on the 
right iiu1l\ huger He bronglit the 1 illed anal c with him It was identified by me (N L C ) latei 
ns a V tcidina and \as twcnt\ four inclics long The Mctim s friend had ajiplied its ‘bile’ to the 
w oiind 

The arm was greath swollen and the end of the finger sloughed Recovery was uneventful 
Commentary — T1 e sinke was a small one, fixe feet being not an exceptional size for this species 
It xxas therefore probablj immatiin The foil remedy of the snake’s bile is interesting I have no 
note of such treatment being spoken of aiij where else in Iraq oi for that matter on any other occasion, 
but it IS noloworthx that Thomson (192(1) mentions in his Outlines of 7oologj ‘ a itoeut discovorj, 
requiring ninplifiontion lhat tin bile of a poisonous snake is an antidote to its venom ’ I have not 
been able to trace this to its souite owing *o lack of access to liteiatiire In the case undei discussion 
there is nothing to suggest that the abdominal contents of the snake applied to the bite did anything 
else but facilitate the udx ent of sepsis 

Case V Bile by Unidentified Snnle with Fatal litsull Qaragan, Jebal Hamriii Details com 

muiiicatcd bj Dr Lanzon, Modital Ofiiccr the Railways Hospital, Baghdad, in 1929 

Sliorth after midnight of 24/2")- 1 29, an Arab railw ay employee, aged twenty eight, was bitten 
or stung whilst asleep on the back of the right elbow This was at Qaragan in the southern Jebal 
Hrmrin A ‘ tourniquet and first aid were both used ’ I atcr that dav he was admitted to hospital 
m Baghdad after a six hours’ train journey complaining of the wound, hsematuna and fever This 
would bo about 8 to 12 hours after the bite Two punctmes were xisible on the back of the right elbow 
which was lixid, swollen iiid oo/ing blood from the wounds The patient said that his mother had 
told him they had been inflicted by a scorpion Kcither he nor she had seen either snake or scorpion 
The oonjuiietix c and skin were jaundiced, the expression was anxious, the respirations weie hurried, 
the pulse rate was 101 and Ins temperature was lOPF Potassium permanganate was applied to the 
wounds On the 29th (Oti hours after the bite) the fexci xvus highei, the pulse thready, the jaundice 
increase I, the urine scanty, and there was sloughing at the site of injurx On the 30th (120 hours 
after the bite) there xvero noted incoherence of spcecli, rectal incontinence, retention of urine, and 
marked amomia A blooxl film showed a polymoiph leucocytosis and manv normoblasts Death 
occurred that evening at o r jr , 137 hours after the bite Autopsy revealed bssmorrhages into the 
liver, spleen and kidneys 

Commcnlaiy — A scoipion may safely be ruled out as there were none of the characteristic muscular 
contractions and, moreoxer, the symptoms aie positively suggestive of viperme poisoning The distn 
biition of the vipcrme species in liaq as mentioned above points to V lehehna as being responsible 
The txro punctures are also in fax our of the offender having been a viper 

Hccmaturia and jaundice at the most within twelve houis of the bite are remarkable sxmptoms 
I am unable to rule out pre existing disease from the scanty data available , it is not impossible that 
the man may have had malaria or bilharzia or both, qmte masked temporarily by the graver condition 
On the other hand, I have seen red blood corpuscles appear m the urine of a man bitten by an 
unidentified snake m the Sudan (Wad Medam, 1931) twelxe hours after the hite , mcrease in quantity 
for two days and then completely disappear On the xvhole, in view of the state of the blood revealed 
by the examination of the fi'm and the post mortem evidence of the activities of haimorrhag n, 
one IS inclined to accept the ease as one of typical viperme poisoning Incoherence of speech, lectal 
inoontiueuce, and retention of urine woiUd appear merely to have signified imminent dissolution 
In this case again, the train journey may have boon harmful, and the permanganate may have 
facditated the necrosis of the injured ares 

Case VI— Bde by Unidentified SnaU followed by Betoiery Kwdarrali, Jebal Hamrin Delails 
communicated by Dr Lanzon, Medical Oflicer, Railwaxs Hospital, Baghdad, m 1929 

Pointsman Mohammed Yassin, an Arab, was bitten on the right ankle by a snake on the evemng 
of 4-5-28 at Kurdarrah, near Salahiyah in the southern Jebal Hamnn 
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Two punctures are recorded ns linvjng been noted bj eye witnesses His leg and fhigb swelled 
up There w ns hasmorrlmgc from the punctures He refused all medical treatment including first- 
aid A report was received that lie subsequenth died An inquirj earlj m 1930 ns to the truth of this 
showed, however, that he was still a hajip^ and healthy employee of the Iraq Railwn\8 

Commmlani —One is tempted to si>cculntc ns to what the result might have been had a jolting 
tiain journey and permanganate treatment followed the bite immediately The symptoms point to a 
Mpor as having been responsible , in this aicn T lebelina alone is probable 

Case VII — Bite by Umdenhficd Bna/e tilth Fatal Itcsvlt Tuz Khurmatu I am indebted to 
Dr F Shaiv of Field Headquarters, Turkish Pctrolciiin Company, Tuz Khurmatu, for the details of 
this case and also for an opportunity of seeing the patient in the later stagi s 

A R , an Arab coolie aged 25, who was in the employ of the Company was walking from Tuz aullage 
to the local railiray station shortly before sc\cn o’clock on the evening of 24-10-29 He was bare- 
footed, and whilst crossing some grassland near Tuz gardens ho put his foot on something soft and 
immediately heard a hiss This was at once followed by a pnek below the right internal malleolus, 
accompanied by an immediate diffusion of a burning sensation throughout the right foot Ho reached 
the station all right and then lost eousciousuess This he regained at noon ne\t day' (approMmately 
17 hours after the bite and loss of consciousness) when he found himself in a Sey y id s house m Polkanah, 
to which he had been removed bv friends for ticatment There was the usual reading of Koranic 
e\cerpts and intonation of prayers Ht sceptically demanded that he should be taken to the neigh 
homing dressing station of Suleiman Beg This was done and the Meibcal Assistant there, after carrying 
out tlie com’entional incision and nibbing in of permanganate, sent the patient on immediately to the 
hospital at Field Headquaiters, Tu/ Khurinutu, where ho came under the care and observation of 
Dr Shaw' He was admitted at 3 45 p m on 25-10-29, about 21 hours after the bite 

The affected leg w as sw ollcii to the knee and of a bluish black colour , it w as giving off an offensive 
odour It was painful and exquisitely tender The radial pulse winch was almost imperceptible, 
had a rate of 110 The temperature was 97®F A thick dry fur coated the tongue The patient was 
covered with a cold perspiration and vomited continuously' Kev'crtheless he a«ked repeatedly for 
W'ater, w hich had been denied him by' Ins friends on the grounds that it w ould lull him Under chloro- 
form the initial incisions were enlarged, and several new ones made on either side of the leg below the 
knee In addition, the low er and inner aspect of the thigh was incised The exposed tissues were 
almost black and bled freely Hot boric foments were appbed to the leg and the patient was returned 
to bed whicb was warmed wath hot water bottles The jiatient came quickly out of amesthesia and 
shortly after was given small quantities of soda and milk , he did not vomit At 6pm and S pm 
he was given drugs by mouth, they totalled to tr digitabs minims 10, hq strychnin hydrochlor 
minims 8, liq adrena bn hydrochlor minims 25 and liq bromochloral one drachm The pulse show ed 
no appreciable improvement and restlessness W'as present throughout the night, although a | gram of 
morplua was given at 10 P M The next morning, 37 hours after the bite, the pulse bad improved, the 
tumefaction had decreased, and the leg w as a healthier colour, but a new' area of discoloration bad 
appeared stretching from the gieat trochanter to the iliac crest The affected mgumal glands were 
enlarged, hard, hot, and tender Hot bone fomentations were continued and hot permanganate baths 
were ordered twice daih in addition The patient was induced to take milk and soda, hot coffee, and 
a small quantity of toast On the 27th, 60 hours after the bite, constipation was treated with calomel 
3 glams, mist alba oz 2, and later an enema A satisfactoiy evacuation was secured No appreciable 
further change occurred until the 29t)i, 108 hours after the bite, when the tendency of the affected 
tissues to necrosis became defined on the outer aspect of the leg Calcium clilonde, 10 grains, t d s , 
orally vvas ordered Next day, 132 hours after the bite, chloroform was adniimsteied and two fresh 
incisions were made in this area They bled very freely The administration of calcium orally was 
continued On the 1st of November, 156 hours after the bite, the patient was weakei and a jiint of 
intravenous saline was given , a rigor followed, after winch he settled down and felt much bettei m a 
few hours’ time On the 3rd, 202 hours after the bite, much slough vvas removed from the leg and the 
underlying tissues were obseived to have a healthy appearance He was given 10 c c of polyvalent 
anti streptococcal scrum aud this was repeated the following day The leg w as now treated by the 
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Cnrrcl Dikin method «ith cu^ol On the moimng of the ()th, the twelfth day nftei the bite, a large 
gangrcnniH pnteli appLared abo\e the knee and it became apparent that, in moiv of the ascent of the 
infccMon, amputation ought to be lonsidercd Uiifortuiiatol 3 the patients strength did not appear 
sulTicicnt to enable Inm to stand sucli a measure at the moment On the 7th and again on the 8th 
i pint of Ba\ Ii^s s gum solution u as introduced intraacnonsh , and ba the morning of the 9th, 15 days 
after the bite a marked improecment in the patients strength uas noted am' operation decided upon 
Morphia gram { and atropine grain 1 1 70 were giacii and ninpiitation three inches boloiv the lesser 
trochanter Mas performed, Lhloroform anncsthcsia was used The patient came ■well out of the 
nna,sttictio and in the cacning at 0 i m said he felt fairly comfortable , his pulse aias good He was 
gi\cn a J gram of morphia at 10 r v and then slept till an hour after midnight uhen he awoke in a 
state of great restlessness Three ciuartcrs of an hour later he collapsed and died This was on the 
sixteenth day after being hiticn 

Commcnlaiy — There is little doubt that the snake conccnied was F hhttttiu Firsth, Tu<! is in 
the area where F kUliii't is common and where the other two \opers of the country apparently do not 
occur Secondlv, the patient heard a hiss Now, whereas members of the Genus Vtp>’ra do hiss, 
members of the Genera Cerastes and rdiis Jo not They make a thoroughly different and eharaeteristic 
rasping sound instead by rubbing their coils together The symptoms of the case arc undoubtedly 
Mpenne and the evidence points to F Icbetina 

Sc\ eiitccn hours’ unconsciousiicss is of interest The patient’s haste (i e , muscular and circulatory 
aotiiity ) to reach the railway station probably gaac the yenom optimum cond tions for efficient action 
by rapid diffusion throughout the aictini’a system lu the initial stages of this case the systemic 
effects, vasomotor depression, aomitiiig, cold sweats, liy potheruiia, donunated, or, at any rate, 
were more urgent than, the local symptoms of adema, pain and discoloration Usually m nperine 
esses, particularly if fear and concern induce immediate cessation of all activity, the leverso is 
the case 

On the morning of the 2Gtli, 37 hours after the bite, tbe patient’s resistance appears to haye 
conguered the initial phy Biological effects of the poison, but from then on to the end, sapped by the 
insidious leucoly tic and anti bactericidal actions of the aenoni, a losing fight had to be waged with an 
ever increasing toxaimia, donvod from the ncciotic sites on the leg and probably from injured yisccral 
cells also A septicaimia may or may not base been present Degenerating liver and kidney cells, 
in addition to provudmg toxins as mentioned, yiould of course negatively count against the patient 
through bemg unable to discharge their normal functions The apparent improvement folloaving the 
intravenous administrations on the three days preceding death may have been due to the laigely 
mechanical effects of increase in the volume of vital fluids, and at the same time dilution of the coueen 
tration of toxic content One may assume that the heart musculature after sixteen days’ contact with 
a blood, robbed of its white cells, with its red cells invalid and lessened and with its plasma altered 
to a lesser or greater degree by venom constituents, iiroducts of necrobirig tissue, bactenal toxins, and 
abnormal products of metabolism, w ould have difficulta in meeting the demands of a major operation 
Still the patient would undoubtedly have died otherwise, and operation gave him the remote 
chance 

This case is of the ‘ textbook ’ type and may be taken as charactenstio of poisoning bv F hbeiina 
One’s feeling is that the patient might have had a better chance had he not hastened on to the railway 
station Slower absorption of the \onom moculated might have enabled the body to deal with it moie 
successfully, but the muscular contractions involved in walking to the station must have quiclJv 
distnbuted the venom in Fs highest possible concentration A policeman may tackle three luffians 
m succession with difficult success, but if they make a combined onslaught upon him, his chances are 
scarcely worth backing 

CasE YlXl—BitebyVnulenUfiedSnalewith Fatal Result Rowamluz Area Details communicated 
by Dr Itidge Jones, Civil Surgeon, Kbamqin, in 1929 

7Vhpn in the Kalashm Pass three days noith cast of Row anduz in Kurdistan in July 1923 he came 
across a case of snake bite The altitude was about 8,000 feet above sea level and there w as snow on 
the ground This was well ahoae the tiee Ime The patient was a male Kurd aged about 40 He 
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gave no dctaih of the nctidont, except that ho hncl been bitten by n snake about Ino ncoks before 
No touinrquct Imd been used nor had the bitten area been jnoBcd, 

There uas evtonsne slouglimg of the hand and the \s!ioIe arm nas m a septic s^atc There i\!\s 
no history of Jnsinoii lingo mid thcie was no jaundice uhen the man was seen pressings nerc left Mith 
him but he died shortiv afterwards 

Coinmenlari/ — Tiio snake iiuist liai c been n V lehcliyia for HeJus and Cerastes do not occur in this 
nroa, being characteristically found in the sand of desert plniiis, uliercas I hbelina is found in 
uiountainoiis countij' from the Atlas to Knslinnr The sjoiiptonis arc t\ pical of Y'pera poisoning <ilso 
A height of S 000 feet abo\o *en lei cl is norths of note The absence of lix'niorrlngcs and jaundice 
and the interval between bite and death suggosts that the dose of venom inoculated un'’ sub lethal 
as regards its direst phvsiologicnl action Dcatb here was due as in so ninny of tlics" fatal bites bj 
members of this genus, to the sccondarv to\ emia and possibly scpticcinia follow ing necrosis of 
infected tissues 

CiSE IX — liitehy Vnnhnhftcd Snal c folloutd by Los 6 of Tissue aud Ilccoiery Khaniqin Details 
communicated by Dr Ridge Jones, Cnil Surgeon, Klinniqni, in 1929 

Hassan All, a Persian boj' aged If, was bitten on the foot h\ a snake in the enrh morning of 
lS-o-27 at Ivhamqin 

He w IS admitted to Khnniqm Cml Hospital and the wound area was treated with the convent'onal 
incision and permanganate Ho is recorded as having been ‘ wandering in his imnd for five or siv 
daj'S ’ Celluhtis bubsequentli developed and was followed by evtensu e sloughing He w as ultimately 
dischaiged aftei three months in hospit.d 

Commentary — Again the snake must ha\o been V hbehna on the grounds of distiibution and 
symptom itology The dose of i cnom inoculated must Imie been small, for the patient was a bov of 
fourteen and apparently oiilj' had a senons fight with the secondary sepsis The mental symptoms 
aie of interest, and recall the hallucinations mentioned ly Taj lor (1930) as occurnug in a case of 
poisoning by V bei us m England 

Case X — Bite by Unidentified Snale followed by Beeoiciy Khamjin DetaJs communicated 
by Dr Ridge Jones, Civil Surgeon, Khaiiiqin, in 1929 

Na/il Ah, a Persian girl aged 18, was bitten on the foot by a ®nake or the night of Id-lO-S? in 
Khaniqin Gardens 

She was admitted to the Cml Hospital, Khaiiiqin, and the leg which became septic was 
treated with incisions and dra nage She had no constitutional symptoms and made an uneventful 
recovery 

Commentary — Aiguing from distribution and symptoms again, the offending snake must bare 
been a F Icbetina If so, the dose inoculated was \ery small Possibly, as this bite occurred at night 
and the species is a nocturnal feeder, the glands may have been more or less emptj w'hen the bite 
was infiictod or it may have been that the snake was immature, or again the ‘ stnke ’ may have 
been luefficiently delivered 

Case XI — Bite by Unidentified Snake folloned by Recovery Kulnil Details communicated by 
Dr \Y Comer, at one time Civil Suigeoii, ICnkiik, in 1929 

He romembeied a harvester bitten on the foot, near the village of Bedawm in the Kirkuk area, in 

1926 

The patient was seen four houis after the bite The leg had been ligatured There was great 
swelling at the site of injury aeconipanied by much pain Suppuration followed The patient 
ultimately recovered 

Commentary — Kirkuk is in the V lebchna area and the sjmptoms are typical 

Case XII— by Unidentified Snale follmeed by Chronic Necrosis Kirlcul Details 
communicated bj Dr W Corner m 1929 

Ho remeinbered a case of snake bite near Kiikuk The bite was on the foot ard a chronic form of 
necrosis resulted Amputations weic earned out at successive levels as the wounds always refused to 
heal X ray examiuvtiou revealed maiked osteoporosis of the bones The subsequent fate of the 
patient is unknown 
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Comincninri/ — Tlic ro'^ult of tlio brio Riit;i;c“ttn a Mpcr, niitl tho locnlitj, V kbtiiva The ostco 
[loroRis IS nil iii(erps(inp illustinlinii of (lie local dnmnpo flial iponnc venom mnv effect, by fle\ itab^ing 
tissues I' or siieli nirefnelion to tnl e plneo ii iiiiirl cdlj fliromi iiifei tion must lituo been present, and 
tins bcim; the ease it nould njijiear llmt (he bod\ fakis a long turn to regain its normal standard of 
defensive reaction to infection Unfortiinatelv no dates were obtainable to amplify this record 

CAsr XIII — DkchyUindcntifiulSml I'SuUoiLcflby Rccoicry Stilamaima Details communicated 
b\ Dr AV Corner m 1020 

Dr Corner further remembered a case from near Siilamninia in Kurdistan The patient had been 
bitten on tho finger and a ligature had been applied for some time Tho case uas seen several davs 
after the Into There uas some gangrene round the site of iiipiry and ultimate recovers 

Commentary —V khctina is the onlj viiior that has been recorded from this area The gangrene 
mn 3 or niaj not have been influenced b} the ligature 

Dr Comer had long since left KirkuL area nlicii bo kindly gave me the notes on the above cases , 
ho was insistent that ho spoke from nieinon and uas only prepared to state facts of which he uas 
certain Their lack of detail is thus notable but in one uas is uelcome, for it means that what facts 
are mentioned are doublj certain of being correct The three cases are interesting adcbtions to the 
senes 

Case XIV— Di/c by Vmdcnhfied Sncle, followed by Loss oj Tx'-sue and Recovery Mosul 
Details coramunicato I bj Dr Sati of the Mosul C'vil Hospital, in 192D 

In the spnng of 1914 a man came into Mosul Civil Hospital having been bitten on the thumb by 
a snake A fang was embedded in the wound , it was removed Gangrene followed, the thumb 
sloughed off, and the man ultimately reeovered 

Commentary — The symptoms aro vipenue The fang of a viper is long, dehcate, and moveable 
and ns such is infinitely more likely to be torn out in staking than is the shorter, stronger and firmly 
fived fang of a cobra Of the three vipers in the country F kbettna is the only probable one It is 
quite common in this area, in which Echts does not occur and Cerastes if it does occur is extremely rare 
Sloughing 13 here again found, typical of poisoning by tho Genus Vipera 

Case XV — Btte by Unidentified Snalji uith Fatal Result Mosul Details communicated by 
Dr Sati of the AIosul Civil Hospital, in 1929 

In July 1929 a man was carrying a partridge in a cage some distance outside Mosul when he saw 
a snake ivith a fat body and a short tail, and tried to catch it He was bitten on the thumb, went a 
few paces and thou collapsed He died three hours later 

Commentary — Vipera lebelina is suggested by several things Its rival for the honours here is 
L'aja morgant They both have short tails, but no one would derive from the cobra the impression 
that it was fat bodied, whereas this would be precisely their impression of the viper Again, few people, 
hampered by carrying a cage, would think of giving chase to a quick moving cobra, but the sluggishness 
of V kbettna, tho ‘ deaf and bhnd ’ snake, would be just the very factor inducing a venturesome spirit 
to secure it EcJiis and Cerastes may be ruled out ns in the pievious case Death in three hours is 
more typical of cobra poisoning, but by no means untypical of viperine poisoning when a large dose is 
injected Immediate collapse as happened in this case, however, seems to me to clinch tho diagnosis 
as one of viperine poisonmg The viperine depressors to the vaso motor centres (Rogers) and to 
cardiac muscle (Lamb) would account for this syncope without am difficulty, whereas cobra leiiom 
contains cardio tonic elements (Brunton and Fayrer, Fraser and Elliot) which give the case of cobra 
poisoning his sturdy pulse and effectually provide against an initial collapse 

Case XVI — Bite by Unidentified Snale followed by Recovery Mosul Details eominumcated 
by Dr I D Ramsay, Civil Surgeon, Mosul, in 1930 

An adult Arab, Jassim ibn Yassin, was bitten on the calf muscles of the right leg at Khorsabad 
(Dur Sharrukm) at 1 p M on 3-4-30 The snake, which escaped, was about three feet long and was 
light coloured AVithin a few minutes a tourniquet was tightened above the knee, the w ouiid was 
scarified and strong permanganate solution was applied 

Tho patient was admitted to the Mosul Cml Hospital, 2 hours after the bite He complained of 
faintness, and severe pain in the right leg Tho pulse was 90 and of fairlj good volume and tension 
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The pupils were noriuel The lejj; uns suollen up to tiie Knee Brnncly ufts nflminjsteretl, ciirliohc 
tomeiits were applied fo (ho injury and the tourniquet uns remo\cd Tlie ne\fc morning (20 hours 
after the bite) the patient complained of tin mcrcase of pain in the leg Tumefaction had rcnchcrl 
mid thigh, and there iias considerable discoloration ubo\p and belou tlie hnec Tins condition 
persisted until the fiftli dai Oiiing to the aiielliii”, pulsation of the dorsalis jiedis could not be 
appreciated, but the limb rcmnnicd u arm i oniontations v ore continued and the leg ii ns hept covered 
with antiseptic dressings On the fifth da\ (IIG hours after the bite) the jiain abated and the suellmg 
commenced to subside After nnotlicr fi\o data (10 dn\s after the bite) the patient tins discharged 
tilth Ins leg still slightlj swollen but quite functional There was a mild fetor not rising above 100°F 
for the first four dnjs 

Gommontanj — The identity of the siiabc rests betwetn Fiyicrn khclina and Cerastes comutvs 
The former is fairit common in tins area, and the latter if it occurs at all is ver^ inre, all specimens taken 
in Itaq having come from the Etiphrnfcs vnllct to the South and West Both snakes are light coloured 
but wJiereas three feet is an average sire for a I otantinc Viper the Horned Viper rarelt attains tuentt 
inches and has not been recorded a« escccding tliirtt 

Clinically the case is tvpieal of Vipcret jioi°oning 

CiSE XVII — Bite hy IhuienUfie^ Snake folloucd by liccoienj Mosul Details communicated 
by Dr I D Ramsay, Civil Surgeon, Mosul, in 1930 

Hindo Osliema, an Assjrnn mountaineer aged 28, iias travelling in the bills about fifteen miles 
north of Mosul, when he was bitten on the right inde\ fingei by a snake This was in the dark about 
9 o’clock on 10-4-30 Fis description of the snake was rather staggering * It irns pnrtlj coiled and 
the erect portion was as tall as a man The bodj was ns thick as a man’s wrist When the snake 
struck at him it knocked him down ’ 

He was admitted to the Mosul Civil Hospital on the morning of 24-4-30, that as, 110 hours 
after the bite The finger and hand w Inch had been scarified, show ed marked sepsis and were discharg- 
ing ofi^ensively The arm was swollen fo the shoulder Treatment by permanganate baths and 
carbolic fomentations was instituted The temperature was of the septic t\pe ranging up to lOb'D 
On 26-4-30, 130 hours after the bite, the outlook w as unpromising However, the patient ultimately 
recovered 

Commenfaty — The patient’s description of the snake, taken at its face value, conjures up (he 
truly startling vision of a hamadi j'ad or a python ' The recorded distribution of such snakes does not 
of comse permit of the possibility being entertained At the same time I hare beard, always however 
at second or third hand, of tlie cMstence of pythons m Kurdistan I know of no records from 
Persia but have of ten w ondered if the jungles between the Elburr Mountains and the Caspian 
Sen (500 miles or so from Northern Iraq) might not eontain some surpnsing snake species Tigers 
and leopards are found theie F lebehna is common in Kuidistan and specimens may reach 
five feet m length The symptoms of the case suggest a vipei It w ould have been interesting to 
know how the victim received the bite on the finger, what lie was doing at the time, etc There 
IS, however, an explanation of the fabulousness of the description if the snake really was a Vipera 
Hallucinations in a case of F berns poisoning have been mentioned above (Ta;ylor), and wandering 
in the mind foi five or siv days in a case of poisoning bv a snake that s 'as almost certainly a F lebehna 
(Case IX above) The patient described the snake on the fifth daj' after the lute and possibly bis 
mental state coloured bis description At rhe same time, unacceptable though it be, the details 
provide a siirpnsinglj perfect picture of a strike by a hamadryad Chnicallv the case is typical of 
Ftpera poisoning, complicated in the usual way with severe '^epsis 

Fifteen cases of bites bv F lebehna or bj umdetitified snakes acceptable as F lebehna have been 
described , of these five were fatal The moitalitv rate for this species in Iraq is thus placed at 33i 
per cent This means that the species ranks above F aspis in dangerotisness to man and may be less 
dangerous, as dangeious, or uiore dangerous than F iiisselh The five fatal cases e\emphfy four 
ways in which poisoning bj this species (or genus) may lead to death Case III illustrates a degree 
of poisoning m w Inch the dominating symptoms weie haimorrliagcs and shock, that is, the lethal result 
was ascnbable largely to luemoirhagin, h.-emolysm and anti fibrin feiment The patient thus not 
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onI\ Io«( llio Indlv iioodrd •.iippoil of miicli of lus Mtnl fluid Iiiil d\^functIon of visceral oigaiis vas 
nciitch itidii. cd Ii\ (Ik doKtinoiis mcilmiiKiil niid tin muni nclioii-, of (lie infra \isceral hemorrhages 
iSurh poi'-omiig ma\ ho firiiud a ‘isfohtu ’ t\]>o of wlnth <lia(h m CO hours is characteristic 
Cave \ illustrates Mint mai he lalhd (lit iitiatori tipe in uhich death occurs largely as a 
consequence of funefional impairinent of \itid tissues ratlici than In itason of then more radical 
hsis This Mould mean a inihh r degree of poisoning than in the cjtolvtic type, and the presence 
of a marked pjro\ial rt spouse aiiggests that the action of tho icnom uas initially not sufficiently 
seven) enough to prucnt (ho hotU’s natural defences fiom functioning to a fair degieo This 
‘ vitiaton ’ typo may be said to tcriiinintc life in from four to si\ days Case \r[I illustrates the 
‘septic ’type of termination in mIiicIi, superimposed upon a certain amount of cytoljsis and 
yitmtion, is hactonal infection and further poisoning bv neciosing tissue Death in about a 
fortnight M oiild appear to be eharactcristie Case \ III illustrates the same type of death 
Case XV may be spoken of ns a ‘ depresstvo ’ tj pc in m hieh death is due to vnso motor and cardiac 
depression, tho dominating venom elements being the ciiitral vasomotor depressor of Rogers, 
and tho depressor to cardiac muscle of Lamb .Such being the case, the dose of venom inoculated 
must have been large Death in a feu hours, in this case thiee, yvould aiipenr to be characteristic 
There remains a further tj pe of death from T iprra poisoning suggested by laboratory research, 
but ns far os I knou uiiillustrated by' any clinical record Lamb has described a fibrin feiment in 
V nisfcUt venom uhich clots the blood It is present in a small proportion relative to other 
yenom constituents and is generally masked in moderate doses bj their counter effects In veiy 
large doses, hoivever, it causes intravascular clotting and death in convulsions almost immediately 
Wall (1928) IS of the opinion that V riissellt is not big enough to inoculate sufficient ve lom at a strike 
to secure this effect in huinnii beings This may reasonably apply to V lebetina, but it is not incon 
coivablo that inoculation ov a full grown snake under optimum conditions in yvhich the fangs enter 
vessels or a voosol, might bo foUoM ed bv tins ‘ thrombotic ’ tj po of death 

Thoorcticallj there are thus five tvpcs of death, depending for their nature, other things beng 
equal, upon the dose of venom inoculated They may be graded as the ‘ thrombotic type ’ yiith 
death almost at once, tho ‘ depressive typo ’ yvith death in a few hours, the ‘ cvtolytio type ’ with death 
in from one to three dnjs, tho ‘ vitiatory type ’ with death in from four to si\ days, and the ‘ septic 
typo ’ in which death results in about fourteen days There would appear to be a penod of dangerous 
false security ponding the onset of lucmorrhago (in cases where sufficient venom has been inoculated) 
and m those surviving tho sixth day, a penod of a week or so pending a possible ultimate surrender 
to sepsis In V lebelina poisoning the appearance of hiemorrhages from mucous surfaces which 
apparently may appear as early as twelve hours after the bite, means a senous outlook , it is an 
indication that a large dose of poison has been absorbed and fixed 

(To be concluded in tin. lamiary 1938 number of the Journal — I?n ) 

Refprvnces — See end of paper in Jnnuaij 1933 number of the Journal 
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FUIITHER EESEAE CITES IICTO THE TREATMENT OF 
CHRONIC BENIGN TERTIAN MALARIA WITH 
PLASMOQUINE AND QUININE 

BY 

JIajor 0 D JARVIS, o b e , r a m c , 

Malaua Ticatment Centie, Kasauli 
{liescaicli financed htj the Indian Reseaich Fund Association ) 

fReccivcd for publication, June 2S, 1932 ] 

This note is published in oider to place on record the results of further efforts 
at the Malaria Ticatment Centre, Kasauli, to discover the minimal effective dose of 
plasmoqume in combination with quinine in the treatment of chrome benign tertian 
malaria 

Sinton, Smith and Pottingei (1930) recorded results obtained at this Centre with 
plasmoqume 0 04 gramme plus qmnine grains 20 daily for 21 days, the relapse rate 
m 44 ca'^es so treated being 8 per cent during an observation period of 8 weeks after 
completion of treatment They remarked that ‘ the occurrence of even a few toxic 
cases amongst our population suggests that even although the duration of treatment 
may be correct, yet the dosage may be too high for general use ’ They therefore 
suggested that further experunents should be carried out with a dose of 0 03 gramme 
plasmoqume daily over periods of 14 and 21 days 

Early m 1930, Major P J Ryan, M c , E a M c , who was then m charge of the 
Malaria Treatment Centre, commenced a course of treatment, which was labelled 
for convenience of reference. Treatment ‘ C ’ This consisted of plasmoqume 0 02 
gramme plus quinine grams 10 m the mornmg and plasmoqume 0 01 gramme plus 
quimne grams 10 m the evenmg (i e , plasmoqume 0 03 gramme plus qumme 
grams 20 daily) for 21 days, both drugs bemg admmistered orally 

The routine procedure adopted was sunilar to that already given m detail by 
Smton (1926) The patients were all young British soldiers who had relapsed m 
spite of the usual anti-malarial treatment m the plains After arrival at Kasauh 
they were subjected to weekly blood examinations by the thick-film method, and 
m no case was specific treatment begun, unless P vivax was detected in the 
peripheral blood smear immediately before commencement of treatment 
J, MR ( 627 ) 
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Preliminary purgation with calomel (giains 3) and magnesnmi sulphate was 
earned out in eveiy case In those tieated m 1930 (75 cases), a daily enrlymommg 
dose of magnesium sulphate was also given tlnoughout the course of treatment and, 
in addition, 1 gram of calomel on two or three consecutive evenings for two periods, 
usually about the 9th and 15th days of ticatment In those treated by me m 1931 
(31 cases) the routine admmistiation of calomel and magnesium sulphate (except 
for the pieluninary dose) was discontinued and a dose of magnesium sulphate pres- 
cribed only when a tendency to constipation appeared to indicate it In 1930 the 
qmnme was given m the form of the sulphate in solution, along with citric acid and 
magnesium sulphate, as recommended by Smton (1926a), while m 1931 the biliyclro- 
chloiide was used m simple solution m watei 

After completion of treatment all cases were observed foi a period of at least 
8 weeks, thick blood films being examined weekly 

Eesults of treatme’nt in the prevention of relapse 
Senes I — In 1930 75 cases of benign tertian malaria (relapse) were given Treat- 
ment ‘ C ’ (plasmoquine 0 03 gramme plus qiimme grams 20 daily for 21 days) and 
wore observed for at least 8 weeks after completion of treatment (average 10 7 weeks) 
Six of the cases relapsed durmg this period, giving a relapse rate of 8 per cent 
Senes 11 — In 1931 a further series of 31 cases was given the same course of 
treatment as in Series I 

No relapses occurred during an average observation period of 12 7 weeks 
Addmg Seiios I and II together, 106 cases were treated with plasmoqnme 0 03 
gramme plus qurnme grams 20 daily for 21 days, with a combmed relapse rate of 5 7 
per cent 

This must be considered highly satisfactory, when it is remembered that the 
relapse rate in this Centre with quimne alone was 68 per cent (Smton and Bird, 1929) 
and with plasmoquine alone 22 7 per cent (Smton and Bird, 1928) With plas- 
moqume 0 04 gramme and quimne grams 20 daily for 21 days the relapse rate was 
8 4 per cent (Smton, Smith and Pottmger, 1930) so that the reduction of the dose of 
plasmoquine from 0 04 to 0 03 gramme daily m the 21 days’ course has not reduced 
(but rather mcreased) the efficacy of the treatment 

In August 1931, the Director of Medical Services, India, recommended that 
Treatment ‘ C ’, as defined above, be adopted as the standard routine treatment for 
benign tertian malaria m all Military Hospitals m India It was then thought that it 
would be valuable to determine at this Centre whether equally good results could be 
obtained with a yet smaller dose of plasmoqnme (either daily or total) It was, 
therefore, decided to test two new courses of treatment, viz , 

Treatment ‘ F ’ plasmoquine 0 01 gramme plus quinine grams 10 twice daily 
for 21 days (i e , the same period as in Treatment ‘ C ’ but a 
smaller dose of plasmoqnme) 
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Treatment ‘ J ’ plasraoquine 0 02 gramme plus qumme grams 10 m the morning 
and plasmoqume 0 01 gramme plus qumme grains 10 m the 
evening dnily for 14 days (i e , the same dose of plasmoqume 
as m Treatment ‘ C ’ but for a shorter period) 

It should be noted that the total dose of plasmoqume for the whole course is the 
same m both ‘ F ’ and ‘ J vi7 , 0 42 gramme 

Scricb III — Ten cases of benign tertian malaiia (relapse) were given Treatment 
‘ F ’ (plasmoqume 0 02 giamme plus qumme grams 20 daily for 21 days) All were 
obser\ ed for at least 8 v eeks (average 1 2 2 weeks) after completion of treatment, and 
no relapses occurred 

Senes IV — Ten cases were given Treatment ‘ J ’ (plasmoqume 0 03 gramme plus 
qumme grams 20 daily for 14 days) All w'ere observed for 12 weeks after completion 
of treatment without relapse 

Although the mmibcrs of cases m Senes III and IV are small the results are at 
least encouraging, and it would seem as if the smaller dose of plasmoqume would 
prove as effective as that given m Treatment ‘ C ’ If further experience confirms 
this, then the 14 days’ course of plasmoqume 0 03 gramme plus qumme grams 20 
daily might u ell bo adopted by the Army as the standard treatment m place of the 
present 21 days’ course, and it would be valuable to ascertain if the dose of 
plasmoqume might be reduced to 0 02 gramme daily for 14 days, without markedly 
affecting the efficacy of the treatment 

The following table shows the comparative results obtamed m this Centre with 
various forms of treatment m chrome benign tertian malaria — 


Table 


Treatment 

Daily dose x days 

Total oases 

Eelapse rate, 
per cent 

Plasmoqume, 

gramme 

Qumme, grams 

Qumme sulphate* 

Nil 

30 (max ) x 

667 

68 0 




21-66 



Plasmogumet 


0 OS X 28 

Nil 

22 

22 7 

Plasmoqume and Quimnel 

0 04 X 21 

20 X 21 

44 

84 

‘ C ’ (1930) ] 

1 



f 76 

8 0 

‘ C’ (1931) 


0 03 X 21 

20 X 21 

-1 31 

0 0 

‘ C ’ Total J 

1 



ll06 

6 7 

‘ F ’ 


0 02 X 21 

20 X 21 

10 

00 

‘ J’ 


0 03 X 14 

20 X 14 

10 

00 


» Smton and Bird, 1929 t Smton and Bird, 1928 J Smton, Smith and Pottinger, 1930 
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Toxic effects of plasmoquine 

Any toxic effects -wliicli may be attiibiitablc to plasmoquine have been small in 
freqnenc}’- and almost neglis^ible in degiee In Scries I and II (106 cases treated with 
plasmoquine 0 03 gramme plus quinine grams 20 daily for 21 days) slight cyanosis was 
noted in 3 cases, and slight and tiansient albuminuria in 5 cases A few cases 
complained of abdominal pain which, howevci, was never severe 

In Series III and IV no toxic symptoms w^eie observed 

Although, therefore, with a dose of 0 03 gramme plasmoquine daily for 21 days, 
toxic symptoms are comparatively’- rare, the mere fact that slight cyano'Jis may occur 
makes it advisable that we should ascertain whether a yet smaller dose woidd be 
equally effective, and could be given without fear of toxic manifestations 

With regard to this lattei point it is of interest to note that all malaria convales- 
cents attendmg this Centre (some 250 in 1930 and 150 in 1931) were given a course of 
plasmoquine and qumine before being returned to their imits after completion of the 
full observation period, whethei or not they had previously relapsed and undergone 
one of the courses of plasmoquine and quinme under test This course consisted of 
plasmoquine 0 02 gramme plus quinine grams 20 daily for 10 days m 1930 and for 14 
days in 1931, and was administered to the men as out-patients while carrying out 
their ordmary duties (including games) No toxic symptoms w’hatever were noted, 
and no complaint of abdominal pam was made 

It IS believed, therefore, that a couise of plasmoqume 0 02 gramme plus quinme 
grains 20 daily foi 14 days could be given with safety and without special supervision 
to patients of the same physique as young British soldiers, and that it would be use- 
ful to deteimine the comparative efficacy of this course of treatment in the matter 
of ‘ cure ’ 

Conclusions 

(1) In the treatment of chronic benign tertian malaiia the combmation of 
plasmoqume and quinine m a dosage of 0 03 gramme of the former and grams 20 of 
the lattei daily^ for 21 days gives results as good as (if not better than) a dose of 0 04 
gramme plasmoqume daily with the above dose of qumine over the same period, and 
seldom gives rise to toxic symptoms which, wdien they do occur, are comparatively 
mild 

(2) It would appear that equally good results as to ‘ cure ’ are obtainable by the 
exhibition of plasmoqume 0 02 gramme daily for 21 day’^s, or of 0 03 gramme daily for 
14 days, in each case with quinme grains 20 daily , as have been obtained with plasmo- 
quine 0 03 gramme plus quinine grams 20 daily for 21 days The risks of toxic effects 
in either case are considerably reduced 

(3) A dosage of plasmoquine 0 02 gramme in combmation with quinme grams 
20 daily for 14 days can be given to ymung British soldiers, who are takmg a moderate 
amount of exercise (work and games) without any fear of toxic manifestations 
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The expenment was contimied foi 236 days by winch time all the animals kept 
in darlcness had died, while of those exposed to the sun six remained alive and 
were then killed by drowning Tbe chief causes of death were pneumonia and 
nrmary calculus 

Results of the experiment 

The results of the experiment weie, from the point of view of the thyroid 
gland, as follows — 

(1) The average daily increase in body-weight in the ammals exposed to the 

snn was nearl)’- twice that of those kept in darkness 0 37 g in the 
formei and 0 20 g in the latter 

(2) The average duration of life was longer in those exposed to sunlight — 

165 as compaied with 141 days 

(3) Two cases of thyroid enlargement occurred amongst the 18 animals kept 

in complete darkness the glands of the remaimng 16 were not 
enlaiged Of the two enlargements one was a true goitre , the size of 
the gland (i e , its weight proportionate to that of the body) exceeding 
the normal mean by more than 2 5 times the standard deviation 
from that mean The other enlargement was slight and probably 
not significant , its size exceeding the normal mean by only once 
the standard deviation (McCariison and Madhava, 1932) The 
incidence of true goitie was, thus, 5 5 per cent 

(4) Four cases of thyroid enlargement occurred in the group exposed to the 

midday sun , the gland was of normal size in the remaining 13 
animals Of the four enlargements one was slight and probably not 
significant, while three were true goitres, whose size exceeded the 
normal mean by moie than 2 5 times its standard deviation The 
mcidence of true goitre was thus 17 6 per cent , a sigmficant increase 
over that in the group kept m darkness 

(5) The mean size of the enlarged thyroids was 18 35 mg per 100 g of body- 

weight in the rats kept m darlcuess as agamst 25 6 mg in those 
exposed to the sun Not only, therefore, was the mcidence of true 
goitre greater in the latter group but the size of the goitres was greater 

(6) Five estimations of the urinary excretion of iodine were made m five of 

the animals exposed to the sun , the mean of these estimations was 
96y of iodine per litre of urme In five other rats, fed on the same 
diet but kept in a place into which direct sunhght did not penetrate, 
the mean of five estimations was 48y It is to be noted that a 
higher mcidence* of goitre and a greater size of the enlarged thyroids 
occurred in the group excretmg most iodine 


* One aniojal died, on the 19th day of the experiment , it is consequentlj excluded 
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(7) The (hot used in this exjxrinunt was fi\oinal)le to "oitie-piodnction 

As jiidpod In Ilipininii\ c\(io(ionof mdiiK , tins favouring influence 
w IS not tin losnlf of insufluunt ingestion oi absorption of iodine 
Tlie diet was inaiKodl\ dduiont in m1 iniins A and C, deficiencies 
fa^olllabIc to goitre pi ndiu lion (IMcCariibon, 1927, 1928 and 1930) 
Tlio iodine content of one of fiicse goitres was 0 005 per cent of the 
fresh gland as compaied with the noimal content of 0 018 per cent 
in the tlnroids of wdl fed lats in this Laboiatory It would seem, 
thercfoie, that wink lodiin was inscsted and absorbed in sufficient 
quantit} the tl^roids of ceitaiii of the animals weie unable to utilize 
01 to stoic iodine noimall) Fuither evidence is thus provided of the 
fact that impanment of the functional efficiency of the secretory 
epitheluim of the thvioid gland, brought about by certain dietary 
deficiencies, ma} conduce to goitre even in the presence of a sufficient 
intake and absorption of iodine (McCarrison, 1927) It is to be 
cmphasi/cd that the diet is not of itself the cause of the goitre , it 
renders the gland susceptible to the action of some imknown, 
positn e goitrogenic agent 

(8) In this experiment darkness did not exert any action on the thyroid 

gland, certainly none that was favoiuable to goitre-production On 
the other hand, the incidence of goitre and the size of the goitres were 
gieatei in those exposed to sunlight , that is to say, m those whose 
intake of vitamin D was the greater The tendency, not strikingly 
significant, of vitamin D [administered as radiostoleum (B D H )] to 
merease the size of the thyroid gland in deficiently-fed rats has been 
recoided in another place (McCarrison and Madhava, 1932) 


REFERFNCES 


Aschoff, L (1927) 

Bernhard (1927) 

McCarrison, R (1927) 

Idem (1929) 

Idem (1930) 

Idem (1930a) 

McCarrison, R , and Madhava, K B 
(1932) 

Saint Lager (1807) 


Proc International Cong on Goitre Berne p 1 
Quoted by Sdberseliinidt Ibid , p 498 
Ind Jour Med Res, 15 , pp 247 and 909 
Ibid, 17 , p 442 

dbid, 17 , p 693 

Brit Med Jour, May 31st 
Ind Med Res Memoir No 23 

‘ Causes du cretimsmc et du goitre endeuiique ’ Pan' 




/7!(? Jour VtiJ Hcf , AA, 2, Ocldicr, ]0(2 


THE EFFECT OF mSANn’ARY CONDITION ON THE 
THYROID GLiVND AND OTHER ORGANS OF THE BODY 


7}\ 

CoLO^FL 1? McCARRISON, cie, ehi*, ims,* 

N^tlnt^ovaI Jicscarch Lahoratonc<i, PasUnr InsMuie, Coonoor, S India, 

ANE 

K B M4DIRVA, ma, a i a 
Profc’isor of Ptatislics, Umtcisity of Mysore 
[Received for publicntiou, Juno 23, 1932 ] 

In a recent publication (JlcCarrison and Madliava, 1932) it was sbown that 
while insanitary condition did not cause goitre m albino rats fed on a superior diet 
consisting of uhole wheat flour (chapatli), sprouted gram (legume), butter, raw 
carrots and cabbage ad libitum with fiesh milk m abundance and meat with bone 
occasionally, it did cause goitre when they were fed on an inferior diet consisting 
solely of vegetable foods — cabbage, whole wheat and cholam {Andropogon soighum) 
It has been shown also (McCarrison, 1931n) that cabbage, which formed the 
piincipal constituent of the inferior diet above referred to, may contain a goitrogemc 
agent whose potency vanes from season to season Recent observations have 
indicated that while, in this locality, this potency may be great during and after 
the rams it may be slight or ml during the dry season, it would seem to be 
associated m some way with rainfall 


Effect of rainfall and of season on the goitrogenic potency of cabbage 

Rabbits were fed during different months of the year on a diet of fresh raw 
cabbage and water for a period of 6G days \ At the end of each experiment they 
were killed by air-embolism and their thyroid glands removed and weighed The 
size of the gland relative to that of the body-the ‘ r ’-value, obtamed by dividing 


♦ The first author is responsible for the teit of this uaner nnU for „ 
with which It deals, the second for the statistical examination of this matenal niatenal 

■f Id all experiments of this kind the cabbage used must be iieTfppflTr -h-zioT, *i 
lose weight and exhibit an increased susceptibility to infection, chiefly of the°iunr"^ The^ 
of dned yeast to the cabbage diet helps in the maintenance of body nefeht and Tan i J f^d'tion 

enhance the goitrogemc potency of the diet ^ ® ^ anything, tends to 

( 637 ) 



638 The Effect of Insamtmy Cond'ihon on the Thywid Gland 


the thyroid-weight by the body-i\ eight (hkCfiirisoii and Madhava, 1932)— was 
then determined for each animal and tlienican a, line in eacli experiment calculated 
These mean values are set out m Table I against the total rainfall for the months in 
which the expeiiments weie carried out 


Table I 

Showing the total lainfaU and the size (‘ ? ) of the thyioid gland at difeient 
months of the yeat in lahh is fed on a diet of fiesh, raw cabbage and waiei 


Number of 
expenmeut 

Experiment earned out 
during the months of 

Tot'll rainfall 
in inches 

Mean ‘ r ’-values of 
the thyroid gland 
mg per 1,000 g 
of body n eight 

I ! 

No’S'cmlicr and December 

39 5 

749 

II ^ 

January and Eebruary 

10 i 

252 

III 

March and Aprd 

26 1 

100 

IV 

May and June 

12 7 

224 

V 

July and August 

3 0 

157 

VI 

September and October 

32 5 

272 

vn 

November and December 

11 5 

549 


It will be noted from the graph (Fig I), prepared from Table I, that the curve 
of ‘ r ’-values — i e , of thyioid-size — follows closely upon that of the rainfall The 
closeness with which it does so is remarkable and can hardly be regarded as acci- 
dental, though fuithei observations are needed to establish the constancy of the 
association 

Apart from any influence which rainfall may have on the goitrogenic potency 
of cabbage grown m this neighbourhood, the graph (Fig ] ) illustrates the extent to 
which this potency varies at difierent seasons of the year It is to be noted that 
it was slight or ml during the months of January to April This effect of season 
may be illustrated by the results of another experiment Twenty-four rabbits were 
fed throughout the year — Apiil 1931 to April 1932 — on an exclusive diet of fresh, 
raw cabbage and water These may be referred to as Group A Fifteen surviv ed 
the experiment , their body -weights remained fairly constant They were killed 
durmg the month of Apnl 1932 , the mean ‘ r ’-value of their thyroid glands was 
found to be 260 mg They had received durmg the months of November and 
December (1931) the same cabbage as another group (VII), consisting also of 24 
animals, which was fed upon it for 56 days only during these months Of the 
latter 21 survived the experiment , these wmre killed at the end of December 
They were found to be the subjects of well-maiked goitres , the mean thyroid- 
sue (‘ r ’) being 549 mg , or twice as large as in rabbits fed on cabbage the whole 
year round It is leasonable to suppose that during the months of November 
and December the size of the gland m Group A was no less than in Group VII, 
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<lio nniinnis in Iiofli "loup'? woio fed on tin ‘>imp cabbage If this be so 
it would follow that fioin .T unian onwaids to Apiil a reduction in the size of the 
gland occuried in Group A — a ]noct'?‘^ of sponiainous cure lesnlting from tlie 
lo‘:s, during Janunra to A]iiil, of llie "oifrogonit poteiu ' of tlie cabbage 

These jireliniiiiary consideiations aic essential to an understanding of the 
dietetic conditions prea ailing in the eapenincnt wifli a Inch thi"- paper deals 



Fig 1 Sliowing association between rainfall null 
si/e ( ‘ r ’= thyroid weight per tilcgram of body 
weight) of the thcroid gland in rabbits fed on an 
oxolusive diet of fresh raw cabbage 


The experiment 

This experiment was designed, (a) to confirm the results previously recorded 
(McCarrison and Madhava, 1932) regarding the goitrogenic influence of insanitary 
condition in albino rats fed on an inferior diet , (6) to learn whether or not the 
goitrogenic agent associated with insanitary condition had any influence on organs 
of the body other than the thyroid gland , (c) to ascertain what effect the 
‘ goitre ’—as opposed to the agent causing ifl— had upon the heart and other 
organs 

For many years past the writer has maintained that a causal relationship 
exists between insanitary condition and ‘ goitre ’ , and much evidence— epidemio- 
logical, therapeutic and experimental— has, from time to time, been brought forward 
in support of this contention But he has been w^ell aware that insanitary condition 
does not always cause goitre , and his problem of late years, has been to learn why 
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it sliould bp sroitrogemc at one time, or in one set of circumstances, and not at 
another One i eason for tins has been found to Jie in diet a properly constituted 
diet appears to afford animals (albino lats) complete protection against the goitre 
so produced In fulfilment of the puiposes in view it was nccessari’’, therefore, to 
devise a diet which, while not in itself goitrc-producimi or w'hich exerted only a 
feeble goitrogenic action would admit of the operation of the goitrogenic agent 
associated ^vlth insamtaiy condition Such a diet— suitable for use with albino 
rats — IS one composed of 60 parts of fresh, law cabbage, 20 paits of wdiole w'heat 
flour, 20 parts of cholam (a kind of maize) and distilled watei , always provided 
that the experiment in which this diet is used is carried out at a season of the year 
when the goitrogenic potency of cabbage is low^ It was necessary, also, to use 
standardized animals obtained from a perfectl}’^ healthy stock in Avhich the size of 
the thimoid gland at any given body-w eicht is know n to conform to a pre-determined 
formula (McCarrison and Madhava, 1932) It w'as necessary, further, that the 
experiment should be on a scale considerable enough to admit of statistical analysis 
of the results yielded by it 

By these means it ivas hoped to provide fnrthei, and conclusive, evidence of 
the goitrogenic influence of insanitary condition and to clear the w'ay for a study of 
its effects on other organs of the body besides the thyroid gland 

The possibility that the ‘ goitre-noxa ’ may have an injurious effect on the 
organism has been suggested by several distinguished investigators of ‘ endemic 
goitre ’ De Qiiervain (1927), in particular, considers that such an assumption is 
essential to a right undei standing of certain clinical manifestations of ‘ endemic 
cretinism ’ But the demonstration of any such effect has not hitherto been possible 
‘ because w'e are not sufficiently acquainted with the nature of the hypothetical 
goitre-noxa ’ (de Quervam, 1927) It is true that research has so fai failed to reveal 
any single, specific agent which is the universal cause of goitre in all parts of the 
woild But it has revealed a numbei of goitrogenic agents or influence«, both of a 
negative and of a positive kind (McCarrison and Madhava, 1932) Of these influences 
insanitary condition is one , and although we do not yet know the precise nature 
of the ‘ goitre-noxa ’ associated with insanitary condition yet it is possible to 
ascertain the effects of this condition on the animal organism and to learn what 
changes are brought about by it in other organs of the body coincident with those 
occurring in the thvroid gland In this paper we record the results of a 
preliminary study of these effects m so far as they are demonstrable by sigmficant 
changes in the weights of the organs concerned In subsequent papers it is hoped 
to consider these effects from other angles and to deal with those produced by 
others of the known goitrogemc agents 

Another matter which has seemed to call for elucidation is the supposed associa- 
tion between goitre and cardiac enlargement It has for long been asserted that in 
experimentally produced rat-goitre such an association exists The writer has. 
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lio\\o\or, convistcnllN fiuli'd (o fine] il Nor ran am ^udi issooation, oi the want 
of it he (lei ermine f] xmIIi atc^^nc^ units', the lats e niplox eel foi its ascertainment 
.ire lahcii from a «] inelareli 7 cel stock in mIiicIi the \aiialnlit\ in size of the heart and 
of tlie tin roiel irlane] as x\ei] as of otlior oririns, is rteliiccel to the lowest possible 
inininiiini b\ niiniite altention to nutrition'll anel Intrienie conelitions of life The 
present experiment afloreleej an oiiportuiutj to re exiniinc tins question 

Tlie exjieninent x\as eniiicel out diirine; the peiinel of Januart to April {vide 
f Fig 1), th it IS to s ^ , duriiu; the hot, ell X season of low rainfall when the goitrogenic 
potencx of cabbage u. at its loxxcst It lasted for 110 to 120 days The animals 
used XX ere •xoiing albino rats taken from the stanelarcli/ed stock maintained in this 
Liboiatory This stock is an unusually health}' one (McCarnson, 1931) and, in it, 
goitre is conspicuous In its rant} The body-xveights of the selected animals ranged 
betxxeen 3G and 80 grammes a range sufficicntlx wide foi the purposes in view 
They xxerc fed on the cabbage-ioheat-and-cholam diet above referred to Its 
chemical composition xxas as folloxvs — 


iMoisture 

60 200 

per cent 

]\Iiiicral matter 

1 172 

> J 

Ether extractives 

1 329 


Crude proteins 

5 548 


Crude fibre 

1 330 

>) 

Carbohydrates (bv difference) 

30 421 

>9 

Total 

100 000 


Insoluble mineral matter 

0 198 per cent 

Soluble mineral matter 

0 974 

99 

Phosphoric acid (P 2 OC) 

0 439 

99 

Iron oxide (Fe 20 {) 1 

Alumina (AI 2 O 3 ) j 

0 0134 

99 

Lime (CaO) 

0 078 

99 

Magnesia (MgO) 

0 054 

99 

Potash (K 2 O) 

0 235 

99 

Sidphates (SO 3 ) 

0 051 

99 

Soda (Na 20 ) 

0 136 

99 


This diet IS deficient m fats and in suitable protein It does not appear to be 
lacking in vitamins Bj and C , but its content of vitamin B 2 is low It is deficient 
in vitamin D , and, if we are to judge by the causes of death in rats fed upon it 
(chiefly infection of the lungs), it cannot be regarded as containing an optimum 
amount of vitamin A Nevertheless, no obAuous signs of deficiency either of vitamm 
A or vitamin D were apparent in the animals within the period of the experiment 
Its lodme-content was not determined , but it w'lll be evident from the results of 
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the expeiimciit that ncit])ei was tins so low as lo ho a cause of goitre in rats living 
in sanitaiy conrlitions of life nor so higli as to prevent goitie in those living in 
insanitai-v conditions Tlio minai v excietion of iodine hv lats fed upon it averaged 
50 y poi litre undei the foimrr conditions and 45 y iindei the latter 

The rats weie divided into tvo gioups vhosc asgiegate body-v pnihts were 
approximately the same The fiist uronp — hereinafter rcfeired to as ‘ sanitary ’ — 
consisted of 86 males and 63 females ' This group lived under conditions of 
scrupulous cleanliness , each animal being confined in a sepaiate, screened cage 
which was washed at frequent iiitcivals with cicsol solution The second group — 
heieinaftei referred to as ‘ insanitary ’—consisted of 63 males and 70 females* 
This gioup lived thioughout the same peiiod under conditions of gioss insanitation 
These conditions weie as follow's — 

The cages used in a pievious experiment of the same kind were utilized in this 
one , the excreta and decaying food which had accumulated in them from the prior 
experiment being allowed to remain Each cage w as of the dimensions 2 ft by 3 ft 
by 1 8 ft , its floor being of soft wood Tw^enty to tw'cnty-five of the rats were 
placed in each of six such cages , the sexes being separated so as to avoid the 
efiect of sexual activity in causing a phjsiological inciease in size of the thyroid 
gland (MeCairison and Madhava, 1932) What with the excreta alieady present 
in these cages at the commencement of the expeiiment and those deposited 
diumg its course a mound six or more inches thick accumulated in each , into it 
the animals burrowed The season being hot and dry the mounds of excieta and 
decaying food were kept moist, by spi inkling them with water fiom time to time, 
so as to encouiage fermentation wdiich was further enhanced by tlie presence of 
yeasts The food of the annuals wasthrowm to them on these mounds, and such 
remnants as remained uueaten were allow^ed to augment the mass of decaying 
organic matter The conditions of insanitation were thus of a very gioss kind , 
more so, indeed, than m any previous experiment of this nature carried out in 
these Laboratories 

At the end of the experiment the lats w'ere killed by drowning and all organs 
wuth the exception of the brain, the pituitary body, the pancreas and the lungs 
w^ere removed and weighed The data thus provided relate, therefore, to body- 
w eights and to the weights of the thyroid, the adrenals, the spleen, the testicles, the 
thymus, the liver, the kidneys and the heart 

Effect of insanitary condition on the body-weight. 

This efiect is showm in Table II and m Fig 2 From these it will be seen that 
insanitation had little or no efiect on body-weight 

i_ — — 

* These numbers relate only to the animals tliat survoverl the e^penment Dunng its course a 
few died in each group , the chief cause of death nas pneumonia, a less common cause was Bartonella 
}nurib anaimia 
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Tabll II 


Sliovivq the firquoicy (hthibiilioi}? of body-u'cighls of lals hvwg in samiaiy 
and IV iiitauilniy co-iidilioii', [Iiq 2 ) 



Numheb or inTS 


Numbfr 

OF RATS 

Range of bodi 

1 

1 

Range of bodi 



u eight, g 

SnniUr^^ j 

1 

Insanitnn 

wrigilt, g 

i 

Samtarv 

Iiisamtary 

00—09 


1 

Brought forward 

129 

132 

70—79 

1 

1 

210—219 


1 

80—89 

o 

220—229 


90—99 

4 i 

8 




100—109 

10 

7 




110—119 

120- 129 

no— no 

20 

14 

1 

1 20 

t 20 

1 n 

Totals 

129 

133 

Mean and standard 

13S 10 ± 2 80 

148 85 ±2 07 

UO— 1-19 

12 

10 

error 

no— ii9 

18 

8 

standard deviation 

25 98 

80 63 

100—109 

10 

14 

(a) 



170—179 

10 

12 



180—189 

2 

n 

Co efiScieiit of van 

19 

21 

190—199 

200—209 


9 

1 

abihty 






Difference between 

6 26 ± 3 92 



1 


means 



Carried over 

129 

182 

Significance 

t = 1 6 , not significant 



Fig 2 Frequency distributions of body weights of albino rats 
living in sanitary and in insanitarv conditions while being fed on 
the same diet Note the practical identity of the distributions in 
the two groups 


J, MR 


19 
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It IS tiuc that the mean bod 3 ’’-wcjght in botli males and females was slightly 
gieatci in the ' insamtaiy ’ gioup But the excess is not significant and, such as it 
IS, it may have been lelated as much to tlie isolation of the one gioup as to the 
insanitation of the other In both gi oups tliemeaii body-weight was approximately 
40 giammes less in females than in males The practical identity of tlie final body- 
weights ill the two groups makes their comparison all the more preci'^o and allows 
of the use eithei of the actual organ-weights oi of the ‘ r ’-values of the various 
organs foi statistical purposes By using both, as u e have done, the results derived 
from the one serve to control those derived from the other 


Effect of insanitary condition on the thyroid gland. 

This effect is revealed in Tables 111(a) and llJ(b) wherein the mean thyroid- 
weights, the mean tliyroid-sizes (‘ r ’), and the fieqnencj’’ distributions of thyroid- 
weights and thyroid-sizes aie set out in parallel columns for the two groups It is 
shown graphically in Bigs 3 to 6 


Table III(u) 

Showing mean ihyi oid-weights and mean thy lotd- sizes i ’) in rats hnng m 
samtaiy and in insamtaiy conditions (Figs 3 and 4) 


j 

Body weight, 
g 

1 

Number of bats 

Th\roid weight, mo 

Thyroid size, mg 

i 

j ; 

Sanitary 

Insanitary 

Sanitary 

Insanitary 

Sanitary 

Insamtaiy 

60—69 


1 

1 

j 

i 

12 2 


' 18 S 

70—79 

1 i 

1 

67 

70 

S 5 

92 

80—89 


2 

1 

17 8 


10 4 

90—99 

4 

3 

87 i 

11 1 

89 

11 8 

100—109 

16 

7 

75 i 

16 6 

72 

16 4 

110—119 

; 26 

20 

1 77 ’ 

16 6 

' 67 

14 5 

120—129 

' 14 

20 

i 82 

18 4 

66 1 

14 8 

130—139 

4 1 

15 

1 75 

21 3 

: 57 1 

ICO 

140—149 

12 1 

10 

80 1 

21 8 

56 1 

15 1 

150—159 

18 

8 

82 ' 

22 7 

53 ! 

14 8 

160—169 

16 

14 

1 83 ' 

22 6 

6 1 

13 7 

170—179 

16 

12 

98 i 

29 2 

66 

16 5 

180— 1S9 

2 

13 

i 10 2 ! 

32 7 

56 

17 8 

190—199 


5 

1 

36 7 


187 

200—209 


1 


37 8 


18 4 

210-219 


• 

j j 


1 


220-229 

*' 1 

1 

1 

1 

35 2 

1 

1 

1 

15 4 

i 
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TAmx: III(6) 


Showing frequency (listnbulions of lliyioid-U'cights and thyioid-snes (‘ i ’) tn 
rati hving in <iani(ai y and in insaintaiy conditions {Figs 5 and 6) 


Range o£ 
thyroid 
weight, mg 

NrjvnEP 

or RATS 

Range of 
(hyroid 
«i70, mg 

NlTMBEr or EATS 

Sanitary 

Insanitary 

Sanitary 

Insanitarj' 

3 0—5 9 

0 


10—39 

1 


0 0—3 9 

82 

3 

4 0—49 

23 


9 0—11 9 

39 

8 

5 0—59 

50 


12 0—14 9 

2 

11 

0 0— 0 9 

23 

1 

15 0—17 9 


20 

7 0—79 

17 

1 

18 0—20 9 


20 

8 0—89 

7 

1 

21 0—23 9 


21 

9 0-90 

6 

2 

24 0—20 9 


14 

10 0—10 9 

1 

9 

27 0—29 9 


0 

11 0—11 9 

1 

9 

30 0—32 9 


0 

12 0-12 9 

i 

13 

33 0-35 9 


5 

13 0-13 9 


16 

30 0—38 9 


3 

14 0—14 9 


17 

39 0—41 9 


3 

15 0—15 9 


19 

42 0—44 9 


2 

16 0—10 9 


10 

45 0—47 9 



17 0—17 9 


S 

48 0—50 9 


1 

18 0—18 9 


8 

51 0—53 9 


1 

19 0—19 9 


4 




20 0—20 9 


4 




21 0—21 9 


2 




22 0—22 9 


4 




23 0—23 9 


3 




24 0—24 9 






25 0—25 9 






26 0—26 9 


1 




27 0—27 9 


1 

Totals 

129 

133 


129 

133 

Moan and 

8 30 ± 0 14 

22 27 ±0 73 


6 69 ± 0 12 

15 71 ±0 32 

3 t andard 






error 






S t a n d a rd 

157 

8 44 


1 37 

3 71 

deviation 






i^) 






C 0 offii lent 

19 

38 


21 

24 

of \ anabi 






lity 






D i ft e venoe 

13 97 

±0 75 


9 10 ± 0 34 


b e t w eon 






mean‘s 






Significance 

t = 18 0 , sigmfacaut 

t= 26 8 

, significant 
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Fig 3 Weights of the thyroid gland at different body -weights 
lu rats living in sanitary and in insanitary conchtions w hile lieing fed 
on the same diet Note tlie greater and progressively increasing 
weight of the gland in the insanitary group 



Fig 4 Size (‘ r ’) of the thvroid gland at different body weights in 
rats hving in samtary and in insanitary conditions while being fed on the 
same diet Note the progressively increasing difference in si/e of the gland 
in the two groups with increasing body- weight 
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It will be noted, ui the first place, that tlic experimental diet rvas not in itself 
goitrc-pioducmg The mean ‘ r ’-value of the thyroid gland was 6 64 ± 0 12 in the 
‘ samtan ’ group as compared luth 9 76 ± 0 11 in well-fed stock rats , a difference 
which IS ‘Significant and indicates that, so far from the experimental diet being 
goitrogenic, it caused the thyroid gland to be smaller than normal Its size was in 
conformity with that of the gland (7 04 ± 0 11) m rats fed on purely vegetarian, but 
otlicrvise veil-balanced, diets (MrCairison and Madhava, 1932) It will be observed 
also that the action of the experimental diet on the gland vas an uniform one , the 
co-efficient of variability of ‘ i ’ being only 20 pei cent 



WcJgW: in grammes 

Fig 5 Frequency distributions of tliyroid weights m rats living m samtary 
and in lasanitarj conditions while being fed on the same diet Note narrow limits 
and low range of the distribution in the snmtary group , the lude liinite and high 
range in the insamtary group , the positive skeuness and the later occurrence of 
the moda’ point in the latter 


In contrast to the non-goitiogemc action of the diet m this experiment its 
goitiogemc action in a previous one (McCairison and Madhava, 1932) is of interest 
The previous experiment lasted much longer (274 days) and extended from January 
to October thus including the period of summer rams The mean ‘ r ’-value of 
the thyroid gland was 10 38 ± 0 33 as compared with 6 64 ± 0 12 m the present 
experiment The difference between these two values is significant , it may be 
attributable in some part to tl»e longer duration of the previous experiment but 
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tlic gieatei goitie-prodiicing potency of cabbage dniing the period from May to 
Octobtii IS piobably responsible foi it 

In contiast to the small size of the ihyioid gland in the ‘ sanitary ’ group its 
unifoimly laige size in the ‘ insanitaiy ’ group is very striking It will be noted, 
both fiom the actual thyioid-wcights and fiom their equivalent ‘ i ’-values, that this 
increase occurs at eveiy lauge of body-weight The mean ‘ i ’-value is 15 74 ± 0 32 
as compaied witli 6 64 ± 0 12 in tlie ‘ sanitaiy ’ group , the difference between these 
means is veiy significant Heie again the co-eificieiit of variability in thyroid-size 



Fig 6 Frequency distributions of thyroid sues (' r ’) in rats Imug in 
sanitary and in insanitary conditions while being fed on the same diet Note 
the same features os in Fig 5 


(‘ r ’) IS low — 24 per cent — indicating the unifoimity of action of the ‘ goitre- 
noxa ’ associated with insanitaiy condition This action is well illustrated in 
Tigs 5 and 6 showing the frequency distributions of thyroid-weights and of thyroid- 
sizes (‘ r ’) It will be noted that the diagrams not only leveal a high degree of 
positive skewness in the ‘ insanitaiy ’ group — the largei weights and sizes occurring 
in the light hand side of the diagrams- — but the modal point occurs much later in 
this group These results demonstiate conclusively that undei the dietetic condi- 
tions of this expeimient insanitary condition exgrcised a maikedly goitrogenic 
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action Confirmation of pievious lesults is tliiis afforded (McOarrison and 
Madhava, 1932) 

It IS of interest to contrast the present icsults with those previously reached 
As stated above the goitrc-prodiicing potency of the cabbage used on the previous 
occasion vas, in general, greater and the duration of the experiment longer than m 
the present one , yet the mean ‘ r ’-value of the th 3 T’oid gland of rats living under 
insamtaiy conditions was less 12 21 ± 014, as compared with 15 74 ± 0 32 
111 the present experiment The difference between these values is significant 
It may, therefore, be concluded that the conditions of insamtation prevaihng in 
the present experiment were more potent to cause goitre than those prevailing 
in the previous one It w’ould seem that the kind or degree of insamtation is a 
matter of importance in relation to the genesis of goitre m rats fed on the inferior 
die*- 

Fig 4 brings into prominence another point of interest It will be noted from 
it that wdule the ‘ r ’-curve of rats living in sanitary conditions falls, with increasing 
bod} -w eight, in a manner similar to that of the normal ‘ i ’-curve of the thyroid 
gland (McCarrison and Madhava, 1932), that of rats livmg in insamtary conditions 
uses continuously, departing more and more from the normal course The action 
of the ‘ goitrc-noxa ’ associated with insanitary condition is not only to cause 
thyroid enlargement but to cause the enlargement to increase in size with 
increasing bod} -weight and age 


[To be concluded xn fhe January 1933 number of the Journal — En ] 
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^riXERAL I\n!:TABOLrSM IN BABBITS FED ON A 
CABBAGE DIET 


BY 

S BANGANATHAN, m sc , 

Nu(utio)wl Research Lahotalotics, I R F A , Pasteur Institute, Coonoor, 
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[Rccci\ C(1 for publication, J unc 27, 1932 ] 

The studies m mineral metabolism dealt with m this paper were undertaken 
in connexion with the investigations on goitre now proceedmg m these Laboratories 
(McCamson, 1931 , McCarrison and Madhava, 1932) Their object was, first, to 
investigate the metabobsm of calcium, magnesium and phosphorus in rabbits fed 
on an exclusive diet of fresh, raw cabbage and, secondly, to observe the changes, 
if any, brought about by the addition of lime or sodium phosphate to this diet 
Baumann, Kurland and Metzer (1931) have reported that the hyperplastic goitres 
produced m rabbits by an exclusive diet of cabbage aie associated "with a retention 
of calcium, magnesium and phosphorus in the body They assume that the calcium 
retention is directly connected with the development of these goitres, havmg found 
that the admimstration of iodine reduces the positive balance to zero while the 
animals are still being fed on the cabbage diet If positive calcium-balance be the 
piime factor in aoitre-production m rabbits fed on a cabbage diet and if lodme be 
able to prevent it bj reducing this positive balance to zero, then it may be supposed 
that any substance wdneh is physiologically antagomstic to calcium would be as 
likely to prevent this type of goitre as iodine , further, an excess of calcium m the 
diet should aggravate it 


Experimental. 

Twelve rabbits, six males and six females, each weighing approximately 
1,600 g were used They were confined m individual metabolism cages and 
divided into four groups of three animals They were fed as follows — 

Group I received the stock diet consisting of cabbage, grass, carrots, 
bran and sprouted gram Of these constituents, each annual received 

( 651 ) 
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daily 500 g of ficsli law cabbage, 10 g of grass, 10 g of bran, 50 g 
of caiiots and 50 g of spionted gram 

Group II received fresli, raw cabbage only 600 g per rabbit pei 
day 

Gioiip III received cabbage, as in gioup II, togctliei witb 0 1785 g, of slaked 
lime per rabbit per day 

Group IV received cabbage as in group II, togetlier with 0 29 g of sodium 
pbospliate (Na 2 HP 04 , I 2 H 2 O) per rabbit per day 

Tire animals were provided n ith distilled water ad khkim Tbe duration of 
the experiment Avas 54 days 

The weighed amounts of the sodium phosphate or of the slaked lime were 
made into a thick paste with a little distilled water, smeared over bits of tendei 
cabbage, and given first thing in the morning to the hungry animals VTien these 
were eaten, the cabbage ration ivas then given The animals were fed at 11 a m 
daily and the food left unconsiimed ivas picked out the next mormng and weighed 
The calcium, magnesium and phosphorus content of the various diets were 
estimated The urines were collected daily and analyses made on representative 
samples of them collected during each period of four days Urinary deposits were 
brought into solution by acidifying the urine with about 10 c c of concentrated 
hydrochloric acid Great precautions were not taken to prevent fermentation of 
the urine and the fmces, as the investigation was limited to mmeral metabolism 
alone Tbe fmces were collected daily and at tbe end of each period of four days 
they were dried at 100°C for over six iionrs , when completely dry, they weie 
weighed, porvdered and representative samples used for analysis Their contents 
of calcium magnesium and phosphorus were then determined By these means it 
was possible to arrive at a fairly accurate estimate of the intake of calcium, 
magnesium and phosphoims, and of the respective amounts of them that were 
excreted through the urinary and intestmal tracts, and therefrom to estimate the 
amounts retained in the system The results of the analyses, extending over six 
periods, are recorded m Tables 1(a), (6) and (c) 

It will be seen from Tables 1(a), (6) and (c) that approximately the same 
amount of calcium was excreted 111 all the groups The amounts retamed were 
also much the same in groups I, II and III, viz , about 36 per cent of tbe intake 
Group III, which received lime in addition to the cabbage, retained more , the 
retention being about 46 per cent of tbe intake The corresponding results of 
Baumann and his co-workers calculated for a like period would be as follows 
The two rabbits, Nos 641 and 657, maintained by them on an exclusive diet of 
cabbage, retained on an average 0 718 g and 0 451 g respectively of CaO in four 
days, while the control labbit fed on ' stock’ diet retained 0 410 g of CaO under 
similar conditions 
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CMCIL'M \S CaO 


Illllkc, 

mg 

OlTI IIT 

1 

BALA^CE OR 

EETEI^lIOi; 

Unne, 

mg 

1 pees, 
mg 

Total, 

mg 

Mg 

Percentage 
of intake 


Gnour 

I Controls on 

‘ stock ’ diet 



1,G70 T 

070 0 

294 0 

964 0 

706 3 

42 3 

1,600 7 

471 0 

402 0 

933 0 

767 7 

448 

1,004 0 

102 0 

414 0 

876 0 

768 9 

46 4 

1,70S 0 

450 0 

059 0 

1,409 0 

299 1 

17 4 

1,708 1 

000 0 

005 0 

1,265 0 

443 1 

26 0 

1,059 5 

452 0 

758 0 j 

1,210 0 

449 6 

27 1 

Mean 1,078 0 

522 6 

587 0 ! 

1,109 6 

669 1 

34 0 


Group II Raw cabbage only 


- 

1,540 0 

552 0 

1 327 0 

879 0 

661 0 

43 0 

1,274 0 

194 0 

I 352 0 

846 0 

428 0 

33 6 

1,304 0 

1 250 0 

718 0 

968 0 

426 0 

30 7 

1,462 0 

1 425 0 

530 0 

955 0 

607 0 

34 6 

1,350 0 

395 0 1 

207 0 

602 0 

748 0 

66 3 

1,496 0 

1 408 0 

1 811 0 

1,219 0 

277 0 

18 6 

Mean 1,419 3 

1 420 7 ! 

490 8 

911 5 i 

607 9 

36 0 


Group III Raw eabbage + lime 



2,039 2 

533 0 

246 0 

779 0 

1,260 2 

62 0 

1,972 4 

793 0 

004 0 

1,097 0 

875 4 

44 4 

2,038 4 

313 0 

345 0 

658 0 

1,380 4 

67 9 

2,008 4 

699 0 

690 0 

1,389 0 

649 4 

3i 8 

2,008 0 

603 0 

746 0 

1,349 0 

689 0 

33 8 

2,038 4 

330 0 

930 0 

1,260 0 

778 4 

38 1 

Mean 2,027 5 

545 2 

543 5 

1,088 7 

938 8 

46 3 


Group ir Raw cabbage + sodium 

phosphate 


1,564 2 

127 0 

313 0 

440 0 

1,124 2 

71 fi 

J,4U8 Ji 

380 0 

460 0 

846 0 

622 2 

49. i 

1,570 0 

368 0 

697 0 

965 0 

605 0 

38 o 

1,570 2 

539 0 

641 0 

1,180 0 

390 2 

24 9 

1,570 2 

600 0 

610 0 

1,210 0 

360 2 

09 Q 

1,570 2 

557 0 

650 0 

1,107 0 

?! 


Mean 1,552 2 

428 5 

629 5 

968 0 

694 2 

u 

38 3 
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Table 1(b) 

Showing the melabohsm of phosphorus 

PHOSPHATES— 


TtilriLn ■ 1 ■■ ■■ 1 ■ ■ — -1 , 

Output 


BArA^CE on 

RPTFETION 

Urine, 

Fjcccs, 

Total, 

Mg 

Percentage 

I “g 

1 

rag 

1 

mg 

of intahe 


GnotJP I Coutrols on ‘ stQck ’ diet 


2,292 0 

408 0 

343 0 

751 0 

1,641 0 

67 3 

2,373 0 

519 0 

909 0 

1,428 0 

946 0 

39 9 

2,406 0 

382 0 

682 0 i 

1,064 0 

1,342 0 

56 0 

2,428 0 

147 0 

! 1,040 0 

1,187 0 

1,241 0 

51 1 

2,432 0 

452 0 

1 036 0 

1 488 0 

944 0 

39 0 

2,344 0 

253 0 

952 0 

1,205 0 

1 13 D 0 

48 6 

2,379 2 

360 2 

827 0 

1 1,187 2 

1,192 0 

50 3 


Group II Raw cabbage onlj 


Mean 


1,840 0 

138 0 

1,524 0 

496 0 

1,742 0 

119 0 

1,756 0 

79 0 

1,616 0 

177 0 

1,796 0 

136 0 

1,712 3 

190 8 


217 0 

355 0 

162 0 

648 0 

550 0 

669 0 

490 0 

569 0 

276 0 

453 0 

770 0 

906 0 

409 2 

600 0 


1,485 0 

80 7 

876 0 

57 4 

1,073 0 

61 4 

1,187 0 j 

1 67 7 

1,163 0 

1 72 0 

890 0 

49 5 

1,112 3 1 

64 8 


Group III Raw cabbage + lime 


Moan 


1,865 2 

160 0 

188 0 

348 0 

1,517 2 

1,767 2 

280 0 

230 0 

560 0 

1,207 2 

1,849 2 

144 0 

349 0 

193 0 

1,366 2 

1,849 2 

212 0 

892 0 

1,104 0 

745 2 

1,845 2 

90 0 

617 0 

707 0 

1,138 2 

1,849 2 

1150 

767 0 

882 0 

967 2 

1,837 5 

166 8 

515 5 

682 3 

1,155 2 


81 3 
68 3 
73 1 
40 4 

61 7 

62 3 
62 9 


Group IV Raw cabbage + sodium phosphate 


2,106 0 

112 0 

1 1510 ] 

263 0 

1,843 0 

87 5 

1,988 0 

339 0 

t 653 0 

892 0 

1,096 0 

54 9 

2,108 0 

159 0 

570 0 

729 0 

1,379 0 1 

70 0 

2,112 0 

138 0 

445 0 

583 0 

1,529 0 

' 721 

2,112 0 

1 240 0 

620 0 

860 0 

1,252 0 

1 59 2 

2,112 0 

1 227 0 

560 0 

787 0 

1,325 0 j 

63 0 

2,089 7 

1 

202 5 

483 2 

685 7 

1 404 0 

i 

67 8 


Mean 
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S Tlanqanatlian 

Taull 1(c) 

Shounuf the imUihohvn of matjitc^ium 


’\rAGvr:'?iuM as moO 


Intnko, 

ing 

OOTPUT 

Balancp or 

RFTENTIO> 

Urine 

mg 

rroces, 

mg 

1 

Total, 

mg 

1 

Mg 

Percentage 
of intake 


Pnonr 

I Controls on 

‘ stock ’ diet 



1,2-, 1 2 

252 0 

1 144 0 

196 0 

I 856 2 

1 68 6 

1.20S 1 

375 0 

1 426 0 

801 0 

497 1 

1 38 4 

I WO 

mo 

399 0 

733 0 

597 6 

44 9 

1 no 0 

432 0 

648 0 

1,080 0 

250 6 

18 9 

1 't n 0 

448 0 

114 0 

762 0 

571 6 

43 0 

l,2So 0 

U> 0 

145 0 

788 0 

495 6 

38 6 

Mem lOOtO 

380 7 

379 3 

700 0 

544 6 

42 0 


Group II Ra\» cabbage onlr 



1,000 0 

150 0 

82 0 

241 0 

759 0 

75 9 

828 0 

230 0 

08 0 

304 0 

524 0 

63 3 

005 0 

195 0 

317 0 

612 0 

393 0 

43 6 

050 0 

440 0 

296 0 

736 0 

214 0 

22 5 

875 0 

374 0 

102 0 

470 0 

399 0 

45 6 

970 0 

374 0 

294 0 

668 0 

302 0 

312 

Mean 021 3 

296 3 

193 2 

489 5 

431 8 

47 0 


Group III Raw cabbage + bnie 



1,012 0 

140 0 

60 0 

206 0 

806 0 

79 6 

966 6 

112 0 

84 0 1 

196 0 

769 6 

79 7 

1,007 6 

290 0 

193 0 

483 0 

524 6 

62 0 

1,007 6 

449 0 

311 0 

760 0 

247 6 

24 6 

1,005 6 

473 0 

424 0 

897 0 

108 6 

10 8 

1 007 6 

403 0 

287 0 

690 0 

317 6 

31 5 

Mean 1,001 0 

311 2 

227 5 

538 7 

462 3 

46 3 


Group IV Raw cabbage -f 

sodium phosplinte 


999 0 

67 0 

61 0 

118 0 

881 0 

RR ] 

910 0 

257 0 

172 0 

429 0 

611 0 

54 4 

1,003 1 

318 0 

285 0 

603 0 

400 1 

39 9 

1,001 1 

387 0 

253 0 

640 0 

364 1 

36 3 

1,001 1 

403 0 

391 0 

794 0 

210 1 

21 0 

1,004 1 

364 0 

324 0 

678 0 

^9.f\ ] 


Mean 992 4 

296 0 

247 7 

543 7 

448 7 

o 

45 4 
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There was a greater excretion of phosphates (],787 2 mg ) in group I than m 
other gioups (600 0 ing in gioup IJ, 682 3 mg in group III and 685 7 rag in 
group IV), while the amounts letamcd r\ Cl c loughh tlic same (ahout ],]53 2 mg) 
in all the gionps except in gioup IV (] 401 0 mg ) irhicli leccived phosphate in 
addition to the cahhagc The coirc‘'ponding ^.llues of Baumann and his colleagues 
for their two rabbits aie 0 844 g and 0 714 g icspcctiveh of PoOc m four dajs 
Their figures, calculated as a peiccntagc of the intake, r\oik out at 54 9 and 59 2 
per cent respective^, uhile m the present investigation the average retention of 
P 2 O 6 during the six peiiods was 64 8 per cent of the intake The figure for rabbits 
fed on ‘ stock ’ diet was not verv difTcrcnt from that found m those maintained on 
an exclusive diet of calibage , Baumann and his co-uorkers however report 
negative values for phosphate retention in rabbits fed on the ‘ stock ’ diet used by 
them A ‘ stock ’ diet uhich occasions a regular depletion of phosphates from the 
system can hardlv be regarded as satisfactoiy The same comment applies to 
their observations regarding the retention of magnesium their ' stock ’ diet leads 
to a systematic depletion of this element The ‘ stock ’ diet employed m this 
Laboratory has always been found to give positive values for magnesium retention 

Serum'Caicium values. 

Dupre and Semeonoff (1931) report vide variations in the serum-calcium 
values of rabbits, the figures ranging from 7 6 mg to 22 0 mg per 100 c c ' The 
most common percentage, however, was between 9 5 and 18 5 ’ Random varia- 
tions in the level of serum-calcium of two rabbits, maintained by them on a ‘ stock ’ 
diet of cabbage, bran and oats, were from 10 6 to 16 6 mg and 9 4 to 15 8 mg respec- 
tively With a view to ascertaining the serum-calcium values m the rabbits used in 
the present experiment, the animals wei e bled twice, once during the middle of the 
experiment and again at its close Individual calcium-estimations of the blood 
sera of the twelve animals were then made by the Clark-Collip’s modification of the 
Kramer and Tisdall’s method The results of these estimations are given in 
Table II 

It IS to be seen from this table that the serum-calcium values of rabbits fed 
on a ‘ stock ’ diet of cabbage, bran, sprouted gram, fresh carrots and green grass, 
do not difier so widely as those m Dupre and Semeonoft’s experiment , the figures 
rangmg only from 14 2 to 16 2 mg , with an average of 15 0 mg per 100 c c It 
may be mentioned here that the bleeding was done in the morning before the animals 
had fed In the same papei these observers also report that ‘ cabbage fed to rabbits 
causes a marked rise in the serum-calcium, and a simultaneous fall in the inorganic 
phosphorus concentration ’ They observe that this use in senim-calcium is only 
temporary, takmg place immediately after the intake of food, a normal condition 
prevailing thereafter They do not say that prolonged feeding on cabbage perma- 
nently raises the semm-calcinm value Table II shows that the serum-calcium 
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Shniiniri Ifii laftK'- of dilnuiii u> blood SDiaii 


Group nnd du ‘ ! 

' 1 

] 

Rablut 

: iiiimbor 1 

' 


MiiLicniMh 

IIP 100 

f c 

I int ob^cnation 

Si cond ob^ri vation 

Group I — 

j 1 

1 20 { 

11 

1 


1 

1 14 7 ] 


‘ Stool, ’ dirt 

20 '> 

1'. 8 

i Menu — 15 0 | 


10 2 

[Mean = 15 0 

, 

200 

14 cj 

1 1 


14 2 J 


Group II — 

1 2G7 

15 0' 



lib’ 


Kaw cabbigc on!} 

20S 

life 

■ Sfe/in = 15 1 


17 0 

Mean = 15 1 


209 

15?. 



14 0 


Group III — 

270 

16 2' 

1 


15 6 


Raw catbago -1- limo 

271 

152 

■ Mean =16 7 ] 


13 1 

Mean = 14 4 


272 

17 2, 



14 t 


Group /F — 

273 

16 6| 

1 

[' 

* 


Raw cabbage -f- sodium | 

274 

13 8 

•Mean =15 2 J 

1 



phosphate 1 

275 

1 

10 2; 



12 S 



* These animals died immediately after the first Heeding 


of rabbits fed for nearly two monthB on cabbage alone ranged from only 13 6 to 
17 6 \Mtb a mean of 15 3 mg per 100 c c , the average value thus being normal 
No sigmficant change was observed when the cabbage was supplemented with 
either lime or sodium phosphate 

Post-mortem findings 

At the close of the experiment the animals were post-mortemed m the Patho- 
logical Department and the thyroid glands carefully dissected out They were 
at once weighed correct to a tenth of a milligram The original and final body- 
weights, the thyroid-weights and the ‘ r ’-values of the thyroid—that is, the weight 
of the thyroid per kilogram of body-weight (McCarrison and Madhava, 1932)— 
are given m Table III The statistical analysis of these figures is given in Table IV 
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Ta-bix III 


Showmq iJie ouqinal avd final body-wcujhl‘< and lliywid-size (‘r’) 


Group and dipt 

Rabbit 

inimber 

OriginnJ 
bodv 
WClgill 
in g 

Final bodv 

M eight 
in g 

Tin roid 
■» eight 
in mg 

‘ r ’ value 
in ing 

Grovp 1 — 








264 

1,603 

2,003 

277 4 

138 4 

‘ Stock ’ diet 


26.') 

1,605 

2,030 

241 8 

1191 



260 j 

1,660 

1,866 

220 6 

1153 

Group 11 — 






1 


207 

1.400 

1,026 

136 G 

05 8 

Eaw cabbage onij’ 


268 

1,313 

} 666 

120 0 

! 77 1 



200 

1 760 

1 833 

315 4 

170 0 

Group III ~ 



1 




1 

f 

270 

1,000 

1,663 

266 4 

154 0 

Raw cabbage -f lime j 

1 

1 

271 

1,340 

I 680 

237 2 

J50 1 


[ 

272 

1,623 

1,700 

226 8 

132 8 

Group IV — 






j 


273 

1,300 

1,276 

373 6 

203 0* 

Raw cabbage -f aodiom •( 


274 

1,990 

1,825 

126 8 

69 5* 

phosphate I 









273 

1,515 

1,610 

162 0 

04 4 


* These two animals died during the course of tlie experiment 


A perusal of Tables III and IV reveals the supenonty of the ' stock ’ diet 
This IS evidenced by the considerable increase in body-weight (21 6 pei cent in 54 
days) and by the uniformity of growth as indicated by the small coefficient of 
variation (3 7} in final bod 5 ’''Weiglit Its action on the thy’Toid gland was a ver}'^ 
uniform one , the coefficient of variability of thyroid-weight being only 9 5 and of 
the thyroid-size only 7 4 The cabbage diet to which lime was added (group III) 
yielded results which appioximated in some respects to those yielded by the ‘ stock ’ 
diet , but the mean final body-weight was lower while the thyroid-size was higher 
than in the animals fed on the ‘ stock ’ diet In this group two out of three animals 
were goitrous, this high incidence of goitre, taken in conjunction with the low 
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and 272 (gioup III) may be cousidcied to have had slight, though insignificant, 
enlaigement of the thjTroid gland since the ‘ i ’-values wcie greatei than the mean 
in controls by about once the standard deviation The remaining six animals 
had no enlargements of the thyroid gland 

Thyroid-size and excretion and retention of minerals. 

The influence of the diets on the metabolism of calcium, magnesium and 
phosphoius IS shown in Tables 1(a), (6) and (c) It remains to be seen whether or 
not there is any association between thyroid enlargement and the excretion and 
retention of these minerals The figuies, calculated for mdmdual animals and 
arranged m the ascendmg older of thyioid-size, are shown m Table V 

Table V 


Contrasting the size (‘r’) of the thyroid gland with the amounts of calcium, 
magnesium and phosphoius retained 
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P.0, 

1 
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1 

274 


846 0 

429 0 

892 0 

622 2 511 0 

1,096 0 
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268 


724 0 1 

390 0 
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688 0 461 5 

1,019 f ' 

3 
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94 4 

1,116 6 

678 8 

734 8 

464 7 326 1 

1 , 37 / 

4 i 

267 

95 8 

917 0 

! 488 6 j 

462 0 ^ 

6^4 0 486 6 

1 , 3 / 

6 

26C 

118 3 

1,043 0 

760 6 

1,134 ' 

646 6 
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119 1 

1,099 0 

' 7815 

' h45S 

634 4 

m 

7 
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132 8 

969 0 

586 5 

68 , 

421 1 
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138 4 

1,186 5 

738 0 

9C 

662 9 
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1501 

1,223 0 
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164 0 

1,084 0 

483 0 
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526 8 
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11 
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It will be seen from Table V that rabbit No 273 is in maiked contrast to the 
rest , for, while in the first eleven animals there is no correlation between the size 
of the thyroid srland and the excretion and retention of calcium, magnesium and 
phosphorus, yet in the twelfth animal, whose thyroid gland is markedly larger 
than any of the others, there is a great retention of these elements So far as 
these observations go, it may be said that when the size (‘ r ’) of the thyroid gland 
does not exceed 170 mg pei kilo of body-weight, there is no association between it 
and the excretion and retention of calcium, magnesium and phosphorus When 
the thyroid-size reached 293 mg , a great retention of these elements did occur 
As this result was observed in only one animal, it is necessary to repeat the experi- 
ments during the autumn rams when the goitrogenic potency of cabbage grown m 
this locality is very high (McCarrison and Madhava, 1933) Then only will it be 
possible to determine whether retention of these elements is associated with the 
development of the goitres 

The ‘ stock ’ diet of alfalfa hay and oats, employed by Baumann and his 
colleagues, does not seem to be satisfactory, as their metabolic studies disclose a 
negative balance of phosphorus and magnesium The ‘ stock ’ diet employed in 
this Laboratory shows a good retention of these two elements , it is not, however, 
an optimum diet so far as phosphorus and calcium retention is concerned, since 
it gives rise to a greater retention of the former than of the latter If the 
calcium and phosphorus were to be retained mostly in the form of calcium 
phosphate, they should be stored in the approximate proportion of 2 of Ca to 1 
of P Baumann and his co-workers report a total retention of 3 460 g of Ca 
and 2 487 g of P in their rabbit No 641 and 2 173 g of Ca and 2 103 g of 
P m their rabbit No 657 Evidently, more phosphorus than is theoretically needed 
to form calcium phosphate was retained The results of this Laboratory show 
a similar findmg in all the four groups This would seem to be an inherent 
defect of diets of which cabbage forms a major part The wide disparity in 
the amounts of calcium and phosphorus retained is minimized whenj hme is 
added to the cabbage-diet 


Summary and conclusions 

The metabolism of calcium, magnesium and phosphorus was studied in rabbits 
fed on four different diets, all of which contained cabbage in high proportion The 
finding of Baumann and his co-workers that an association exists between calcium 
retention and the goitre developing in rabbits fed on cabbage diets has not been 
substantiated when the goitres so produced are of a size ranging between 150 and 
170 mg per kilo of body-weight It has, however, been substantiated— though 
only m one animal— when the thyroid-size reached 293 0 mg per kilogram of 
body-weight of the animal 
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The cabbage used m tins experiment was of very low goitrogenic potency 
The addition of lime to the cabbage increased the goitie-producing action of 
the diet 
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Tinospora cordifolia 

Tinospora coidifolia commonh known as ‘ Gulancha ’ in Bengali and ‘ Gurach. ’ 
in Hindustani is a plant of the natural order of Menspermaceae It is a well-known 
medicinal plant of long use in Hindu medicine It is a glabrous, succulent, climbing 
shrub, often reaching a gieat heiglit and sending down long thread-like aerial roots 
The plant seems to be particularly fond of climbing up the horny body of large neem 
trees in the Umted Provinces The bark is gray or creamy white, deeply cleft with 
spiral and longitudinal clefts, the space between the clefts usually dotted with large 
rosette-like lenticels The wood is white, soft and porous and the freshlv cut 
surface soon assumes a yellow tint on exposure to air The branches bear smooth 
heart-shaped leaves and bunches of red berries The sap is hght yellow m colour 
and viscous, having a peculiar slimy odour and a nauseating bitter taste 

As regards its medicinal properties the Hakims consider it to be cold and 
sedative The fresh plant is said to be more efficacious than the dry It is taken 
with milk in rheumatism, acidity of the urine and dyspepsia The dry stem can be 
seen in every drug shop and from it is prepared a kind of starch known m Hmdiistam 
as ‘ Giloe-ka-sat ’ and in some parts of India as ‘ Pilo ’ It is prepared by powdermg 
the stem and washing out the starch with water, the latter generally always retaining 

( 663 ) ^ 
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a little of the bitterness of the cliug Tinospora coidifoha attracted the attention 
of European medical men in India, and has been favourably spoken of by them as a 
tonic, antipeiiodic and diuretic It is now official in the PharmacopoBia of India 
and has been intioduced in Eiuope as a specific medicine The medicinal 
properties of the plant have been asciibed by vaiious authois as due to the piesence 
of hohoine, without any isolation oi identification of the alkaloid It is stated 
to be an excellent remedial agent in chionic diairhcea and some forms of chronic 
dysentery It was piescribed by ancient Hindu physicians m gonorrhoea with 
advantage It is also regarded by the natives in certain parts of India as an 
antidote foi the bites of poisonous snakes and insects 

The stem has been examined by Eluckigei (1884) by boiling it with alcohol and 
a little hydrate of calcium, evaporating oft the alcohol and extracting the residue 
with chloroform The chloroform extract responded to the tests for an aUcaloid 
and was yellow in colour from which, probably, the author concluded that the 
plant contained hetbenne The alcoholic extract after it had been exhausted by 
chloroform as stated above was dissolved in boibng water and precipitated by 
tannic acid The precipitate thus obtained was mixed with moist lead carbonate, 
dried and exhausted with alcohol which, on evaporation, yielded the bitter 
principle By boiling this bitter principle with dilute sulphuric acid sugar was 
produced and the substance lost its bitterness Neither the oiigmal bitter prmciple 
nor the product derived from hydiolysis could be crystalhzed or obtained 
in sufficiently purified form 

The above represents the work that has been done on the plant up to this time 
On account of the importance of the drug the present systematic analysis was 
undertaken in order to have a clearer msight into the nature of the active prmciple 
of the plant 

The presence of an alkaloid in the plant was defimtely ascertained by taking 
the alcohohc extract and treating it with acidulated water and testing the solution 
with the usual alkaloidal reagents, such as phosphotnngstic acid, phosphomolybdic 
acid, Meyer’s, Denmg’s, Wagner’s, Froede’s and Dragendorf’s reagents, gold and 
platimc chlorides, etc All these, however, gave colour reactions or precipitates 
which were very different from those given by beibenne Extractions were then 
made of the powdered and dried plant by means of various solvents such as water, 
alcohol, petroleum ether, ether and chloroform and the solvents evaporated, but 
nothmg very inter estmg could be obtained except chloiophyU, sugars and some resms 
and waxes Extraction by cold one per cent hydrochloric acid for two days and 
subsequent treatment uith sodium carbonate yielded a precipitate which was found 
to be purely inorganic m character The ‘ lime method ’ of extraction of the alkaloid 
from the plant with large quantities of the material was tried, but no alkaloid could 
be isolated As regards the bitter principle m the plant, various attempts were 
made to isolate it m a pme form, but all ended in failme At best only sticky sohds 
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could be obtained possessing an intensely bittei taste, whioli systematically baffled all 
attempts at purification or ci ystallization and did not dry up completely even when 
kept in a vacuum desiccator for months 

Experimental 

The diied and powdered stems of the plant were extracted m 500 g lots 
by the followmg solvents individually (and not one after another) in a large 
Sovhlet’s extractor, and the solvent evapoiated water, alcohol ether, petroleum 
ether and chloroform The results are shown below — 

Water extract (18 per cent) Dark brown powdei with a sugary odour and a 
definite bitter taste Reduces Fehlmg’s solution quickly on warming and gives 
faint colour reactions with alkaloid reagents 

Alcoholic extract (6 8 per cent) Dark brown viscous substance possessing 
an offensive odour and an exceedingly bittei taste More defimte colom reaction 
with alkaloid reagents Fehbng’s solution shghtly reduced on warm in g 

Ethel extiact (1 5 pei cent) Dark greemsh yellow sticky mass consisting 
mamly of fats and chlorophyll No alkaloid reaction and no bitter taste 

Pet) oleum ethei extiact (1 2 per cent) Dark gieenish yellow sticky substance 
with properties similar to the above 

Chloiofoim extract (2 9 per cent) Greemsh yellow waxy sohd without bitter 
taste and giving only faint alkaloid reaction Fehling’s solution not reduced 

Fifty giammes of the aqueous extract were dissolved in hot water and the 
solution treated with lead acetate The precipitated brownish white lead lake was 
filtered off and the filtrate treated with hydrogen sulphide in order to remove the 
excess of lead The filtered hqmd on evaporation to dryness yielded a brown 
sticky sobd (0 34 g ) which could not be ciystalhi,ed It gave all the usual 
reaction of an ( .aloid It still contained a large proportion of sugars 

Seventy grammes of the aqueous extract were refluxed with 500 c c of chloroform 
for ten hours and after filtration the solvent was distilled off A greemsh yellow 
waxy sobd (4 g ) was left behind which was found to be partially soluble m hot alcohol 
and was therefore separated into two fractious by means of this solvent 

Chloroform soluble solid Colourless waxy substance crystalhzmg from large 
quantities of methyl alcohol m ghstemng leaflets It shrinks at 159°C and melts 
at 173°C to 174‘’C It contains no mtrogen and does not reduce Fehlmg’s 
solution under any condition (Found C=54 01 , H=7 02 , C 9 H 14 O 6 requires 
0=53 45 , H =6 9 per cent) The quantity obtained was insufficient for any 
further examination 

Alcohol soluble solid Colourless cyhndrical prisms from absolute alcohol 
melting at 76°C to 77°C It does not contam any mtrogen and is non-alkaloidal 
in character Under ordinary comlitions it does not reduce Fehlmg’s solution, but 
does so readily on hydrolysis with dilute hydrochloric acid The substance 
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Enzymes The fiesh plant on examination was found to contain about 0 08 
pel cent of an oxidi/ing enzyme (quinhydione leaction), but tins was entnely 
absent in the diied plant 


Fumaria officinalis. 

Fumana ojjicinahs (Hindi — ‘ Slnilicterali ’ Bengali — ‘ Pipapra ’), of the 
natuial older of Pumai laccie, is a heib vciy common in India It generally grows 
near marshy lands and in the lainy season, thioughout India It is a low green shrub 
rvitli minute oblong leaves The diy plant is geneiallv much biokcn up Mixed 
with it aie many globnlai iiiidescent capsules, the size of a laige pin’s head and 
umbilieate at the top The seeds are dark blown, cicstcd, w'lth hardly any odour 
The taste of the plant is bitter, slightly acrid and astringent Several species of the 
family have long been used medicinally on account of then diuretic and alterative 
properties It is knowm to remove hepatic obstructions and is an apeiient and 
expellant of humors but more specially of atrabiles It is also a laxative and is 
beneficial in dyspepsia depending upon the torpidity of the intestines and in 
scrofulous skin affections 


As regards its chemical examination, it is supposed to contain fiimaiic acid and 
a base known as ‘ fumaiine ’, observed first bv Peschier and moie fully described by 
Hannon [Jow Cliem Med (3), 8, p 305] The plant contains 5 to 6 pei cent of 
the base to which its physiological activity is supposed to be due The base 
IS separated from the salts contained in the plant by the action of caustic alkalis 
or their carbonates, in the form of curdy precipitates V'hich may be obtained 
crystalline by spontaneous evaporation of then hot alcoholic solutions 

The above represents the work that has been done on the plant The present 
authors were tempted to put the entire plant under systematic chemical examma- 
tion on account of the large amount of ciystalhne organic base (5 to 6 per cent) 


supposed to be contained in the plant "v. ' C of the extravagant 

claims m this duection, put forward by the" -/, 2 is, could be 

substantiated, as will be easily seen from the experimental portion of the paper 


Experimental 

One hundred grammes of the dried and powdered plant were extracted with 
warm dilute hydrochloric acid (2 per cent) The extract was dirty red m colour 
and was decolorized with animal charcoal This was then divided into fom portions, 
VIZ , (a) origmal solution, (6) neutrahzed by caustic soda, (c) neutralized by sodium 
carbonate, and (d) neutrahzed by ammoma Nos 2, 3 and 4 gave curdy white precipi’ 
tates which were filtered ofi and separately dissolved m dilute hydrochloric acid 
All these solutions as well as the origmal hqmd were tested with alkaloid reagents 
The origmal solution as well as the filtrates from the precipitates mentioned above 
(after bemg rendered acid with hydrochloric acid) gave famt reactions of alkaloids. 
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but tbe liyclrochlonc acid solutions of piecipitates Nos 2, 3 and 4 gave no leactions 
vliate\ei These e\pcriinents show that the ciiidy precipitates mentioned by the 
previous workers do not contain any alkaloid, but are purely inorganic in character 
(hydroxides and carbonates of calcium, magnesium and ahumnum) 

One hundred grammes of the dried plant were exhaustively extracted with 
distilled water, and the filtered extract tieated with lead acetati. The precipitated 
lead compound was filtered off, washed with water, and decomposed in aqueous sus- 
pension by hydrogen sulphide After removal of the lead sulphide by filtration, the 
mother liquor was evaporated, when a browm syiup was obtained yielding a green- 
ish black precipitate with feiric chloiide and consisted mostly of tanmns It did 
not respond to any allraloid reagents The mother bquor from the above lead 
acetate precipitate was also treated with hvdrogen snlphide to remove the excess 
of lead and the filtrate from it evaporated, when a brown sticky substance was 
obtained having a strong sugaiy smell and reducing Fehhng’s solution very readily 
This substance gave only famt tests of alkaloids 

One hundred grammes of the dried plant were extracted with water and to 
the clear aqueous extract a solution of tannic acid was added and the resulting 
piecipitate filtered off and washed with water It was then triturated with 
freshly precipitated lead caibonate m a moitar and the mass reduced by gentle 
heat to a dry powder On extraction with alcohol and subsequent evaporation 
of the solvent a light biown gimi was obtained which did not give any alkaloid 
reaction 

One kdogram of the powdered plant was exhaustively extracted with distilled 
water and the extract evaporated to dryness The dark brown amorphous powder 
that was obtained smelt strongly of sugars and weighed 290 g This w'as then 
successively extracted with organic solvents in the following order — petroleum 
ether, chloroform, ethyl acetate and alcohol The extracts of the first three solvents 
were neghgible m amount and contained nothing else except a httle wax and 
traces of orgamc acids The alcoholic extract weighed 2 3 g and consisted mostly of 
sugars An acidified solution of this gave the following reactions with the alkaloid 
reagents mentioned below phosphomolybdic acid — a yellowish white turbidity, 
phosphotungstic acid— a slight w^hite precipitate, Mever’s reagent — a trace of a 
yellowish white precipitate, Wagner’s solution — a faint brown coloration, 
Dragendorf’s reagent— a shght brown precipitate All other alkaloid reagents 
produced no change 

One hundred grammes of the dried and powdered plant were then separately 
extracted with the following orgamc solvents and the solvents evaporated chloro- 
form, ethyl acetate and alcohol The results are shown below — 

Chlorofmm extract (4 2 per cent) Deep green semi-solid wax smelling strongly 
of chlorophyll Dilute hydrochloric acid extract of the substance on treatment 
with alkaloid reagents indicated their presence in minute traces 
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Ethyl acetate extiact (1 1 pci cent) Soft green wax with properties similar 
to the above 

Alcoholic cxtiact (13 2 pei cent) Daik blown powder smelling strongly of 
sugais Did not ciystalli/e iiiidei an^ condition Folding’s solution was strongly 
lednccd and the substance was acidic to litmus Neutial feiric cliloride did not 
pioduce any coloration or precipitate, but calcium chloride and lead acetate both 
pioduced curdy biowm piecipitatcs Acidified solutions of the substance indicated 
the presence of an alkaloid in minute tiaces 

Exannnation of the ash The dried plant on ignition left 20 9 per cent of 
total ash of which 6 7 per cent was soluble m w’atcr and contained calcium, mag- 
nesium and potassuun sulphate and traces of chloride The insoluble ash contained 
mainly silica and alumina 

Estimation of sugais The dried plant was found to contain 8 2 per cent of 
only reducing sugars estimated in terms of glucose 

One of the authors (GPP) w'lshes to express his indebtedness to the Kanta 
Prasad Research Trust of the Allahabad University for a scholarship which enabled 
him to take part m the investigation 
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FILARIASIS IN NORTH TRAVANCORE 

BY 

MOT RENGAE, 

Medical Entomologist, Tiavancore 

[Recoued for publication, September 27, 19321 

The writer has found that the type of filarial infection occnriing in two adjacent 
coastal taluks in North Travaucore, namely, Shertalai and Ambalapu/ha, is different 
from the infection observed lu other parts of India Firstly, the microfilarite found 
m the human carrier in this area are entirely different from those of Wucherena 
bancrofti Cobbold Secondly, the chief transmitter of the infection is Mansonia 
{Mansonioides) annuliferus Theob , consistently negative results were obtained 
with Culex fatiqans Wied , both naturally and in experimental infections 

The microfilaria! observed m human carriers in Shertalai and 4mbalapuzha, 
in common with those of W bancrofti, have sheaths and exhibit a definite nocturnal 
periodicity But they are distinct from microfilarise of W bancrofti in general 
appearance, m size and in the arrangement of the nuclei These microfilaria! 
are much shorter (the average length being about two-thirds that of those of 
W bancrofti) They have at the anterior end a clear area devoid of nuclei which 
IS much larger and more pronounced than m W bancrofti The position of the 
anal pore is marked by a clear break in the nuclei and a further characteristic 
IS the presence of scattered nuclei distributed nearly as far as the extreme tip 
of the tail In many ways, these microfilariae from Shertalai and Ambalapu/ha 
are similar to those of Filaria malayi Brug, 1929, described from the Malay 
Archipelago Further work would determine whether the Shertalai microfilariae 
are identical with F malayi or whether the two are distinct 

In Trav ancore, both types of filarial infections occur In urban areas on the 
south, like Trivandrum, the infections are those of Wucherena bancrofti In rural 
sandv coastal areas on the north, like Shertalai and Ambalapuzha, the infections are 
of the other tjrpe in which the microfilariae are similar to those of F malayi Brug 
In the former area, Culex fatigans is a common species and it acts as an efficient 
mterlnediate host both in nature and under conditions of expertmental infection 
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In the lattei areas, Cnlex fatigans is spaise and this species has not been found 
infected, expeiiUientally oi in natiiie Sevcial infection experimental were carried 
out with laboiatoi 3 ’'-bied Culex fahyans fiom Tiivandiiim, which were sent to 
Shertalai and fed on human caiiieis theie In ovei 800 examinations, none of the 
specimens showed any developmental phases of the worm Tliese results show that 
although Culer fatigans is vei} susceptible to infection with W bancrojti, it is 
entirely lefractoiy to infection with the Sliertnlai niicrofilnrne On the othei hand, 
Mansonia anmihjeius, which is a fairly common species in Shertalai and Ambala- 
puzha has been found to have a high natural infection rate (26 per cent in an 
examination of over 900 specimens) Laboratoiy-bred specimens of 31 anniihfeius 
fed on human earners in Sheitalai, leadily took the infection , the filaria laivo; 
de\ eloped rapidly and reached the final proboscis stage in 11 days This species 
appears to be the main transmitter of this infection 

Furthei studies aie in progress on diiieient aspects of the question The points 
biieily touched upon in this pieliminaiv note vould be dealt with in fullei detail 
in a later communication 
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OBITUARY 

CoioNn Sir EONALD BOSS, kcb, rcmc, FRS,iir), 

I M s {rekl ), (1857—1932) 

‘let ui now prune famous men, for their work 
conlxnueth, greater than ihetr Lnowmg ' — ICirLiua 

With the death of Sir Konald Boss on 16th September, 1932, 
India has lost one of the greatest of hei sons Boss, with Manson, 
Laveran and Koch, was one of that great gioup of pioneers who founded 
the modern science of tropical medicine, and he was the last survivor 
of those famous workers The strides which have been made in tropical 
medicine, since Laveran discovered the malaria parasite in 1880, have 
probably been greater than in any other branch of medical science The 
majority of this development has taken place since the epoch-making 
discovery by Boss in 1897 that the mosquito transmitted malaria 

Every inhabitant of the tropics, whether trader or missionary, 
soldier or sailor, engineer or doctor, fisherman or agriculturist, miner 
or erplorer, mother or daughter, owes a debt of gratitude to this great 
scientist Many individuals of unborn generations will owe their 
existence to lus discovery 

If one considers the statement of that great physician Osier ‘ if a 
census were taken among the world’s workers on disease, the judgment 
to be based upon the damage to health and direct mortalitv, the votes 
would be given to malaria as the greatest single destrover of the human 
race ’, it is not too much to say that Boss’s discovery was one of the 
greatest, probably the greatest, made in medicine in the last half century 
It has saved innumerable lives and has made practicable the develop- 
ment of large areas of the tropics, which were previously uninhabitable 
A striking tribute, among many, was paid to the value of lus discovery 
by that famous tropical sanitarian. General Gorgas, who said, ‘ It seems 
to me not extreme, therefore, to say that it was your discovery that 
enabled us to build the Canal at the Isthmus of Panama’ 

The benefits which India, with her great mcidence of malaria, 
reaps, and will reap, from Boss’s great discovery, should always keep his 
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memory gieen m this coiintiy A Gate of Commemoration was opened 
in 1927 by Loid L 5 "tton, the Governor of Bengal, at the Presidency 
General Hospital, Calcutta The doors of the gate bear a bronze medal- 
lion with Ross’s effigy and the inscription — ‘ In the small laboratory 
70 yards to the south-east of this gate, Surgeon-Major Ronald Ross, 
I M S , in 1898 discovered the manner in which malaria was conveyed by 
mosquitoes ’ The Ross Field Experimental Station for Malaria at 
Karnal, Punjab, was instituted in 1926 by the Indiap Research Fund 
Association to continue those researches in malariology with which 
Ross’s name will always be associated 

India can proudly claim Sn Ronald Ross especially as her own 
for be was born at Almora m the Kumaon Hills, on 13th May, 1857, of 
a family with many associations with this country He spent 18 years 
as an Officer of the Indian Medical Service and it was in India that he 
made his famous discovery 

Su Ronald Ross received his medical training at St Bartholomew’s 
Hospital and he entered the Indian Medical Service m 1881 His early 
inclinations w^ere towards literature, music and mathematics, and it 
was only after several j- ears’ service in India that he turned his mind 
seriously towards medical research During leave m England m 1888, 
he obtained the newly instituted Diploma of Public Health and took a 
course of bacteriology with Professor Klein These studies were the 
foundation of his expert knowledge of microscopy, which proved so 
useful to him m his later work 

As the result of his observations in India at this time, he wrote an 
essay on malaria for which he was awarded the Paikes Memorial Prize 
on his return to England in 1895 In this thesis he put forward evidence 
against the generally accepted theory of the period, that malarial infec- 
tion was caused by miasma arising from swampy areas As a result of 
this woik he came m contact with Sir Patrick Manson, who demonstrated 
to him Laveran’s malaria parasite, about which he, as well as many other 
workers, still maintained a considerable degree of scepticism 

He returned to India filled with enthusiasm for further research work 
on malaria His chief object was the investigation of the theory that 
mosquitoes were responsible, in some manner, for the spread of malaria, 
a hypothesis which had been suggested in 1883-84 by King, Laveran and 
Koch, and of which Manson was a strong supporter 
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Ifc IS veiv (hificult nowadays to appreciate the magnitude of the 
task which confioiited Ross ivheii he letiirned to India m 1896 and 
rejoined Iiis legiment at Seciinderahad At that time scientific medicine, 
as known at present, was in its infancy and medical protozoology or 
entomology liad haidly been born Except for the discovery by Kilborne 
and Smith iii 1893, that bovine piroplasmosis was transmitted by ticks, 
no one had dreamt of the spread of protozoal diseases by the bites of 
artluropods At this time only 4 species of mosquito had been 
recorded from India, while now neaily 300 are known, and Ross had 
no entomological training and no literature to guide him when he set 
out to explore the uncharted seas of the transmission of disease by 
these insects 

Ross started to test Manson’s tentative suggestion that the disease 
might be transmitted bv drinking-water contaminated by mosquitoes 
which had fed on malarial patients, but his experiments met with no 
success 

xVt this time the nature of the gametocytes of the malaria parasite 
was unlcnown and the flagellum was believed by some workers to be an 
independent orgamsm and by others a degeneration product produced 
during the dying stages of the parasite Ross collected innumerable 
mosquitoes and after feeding them on malarial patients dissected them 
His first discovery was that exflagellation of the male gametocyte could 
take place in the stomach of a mosquito fed on a suitable case He 
continued his investigations, stimulated by ^lanson’s enthusiastic support 
and his dictum — ‘ follow the flagella ’ 

The chase was a long one Thiough 2i years of unceasing toil, 
discouraged by heart-rending disappointments and technical difficulties, 
and hampered by cholera epidemics and the exigencies of military service, 
with indomitable perseverance he struggled on, sustained by the counsel 
and sympathy of Sir Patrick Manson About noon on 20th August, 
1897, in the heat of an Indian summer, he saw for the first time the 
developmental stages of the human malaria parasite in the stomach- 
wall of an Anopheline mosquito, and thus opened up a new era in the 
history of disease transmission 

At this tune nuhtary duties interrupted his work, and not until 
the following year, when he was placed on special duty at Calcutta, 
had he an opportunity of completing his research In July 1898 he 
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was able to telegraph to his friend, supporter and confidant, Sir Patrick 
Manson, that he had proved the mosquito cycle of the malaria parasite 
by his experimentation with bird malaria and the Culicine mosquito 
In the years which have elapsed since he made his discovery under such 
trying conditions, veij'’ little of outstanding importance has been added 
to his ongmal description 

The details of the mosquito-malaria cycle are so extraordmarv that 
they must h ave sounded hke a fairy tale to the scientific world of the day, 
yet they weie so convincing that, when Manson announced the discovery 
at the Annual Meeting of the British Medical Association in Edinburgh 
in July 1898, the members rose and cheered Ross’s results were 
quickly confirmed, and the enormous value and scientific importance 
of his discovery recogmzed 

Although Ross sometimes spoke of the luck which attended his 
discoveiy, one can not but think that a lessei man not possessing his 
grit, energy, determination and ability, would have given up in despaii 
before the enormous difficulties which beset his path 

Sir Ronald Ross left India in 1899 and was quickly appointed to a 
teaching post at the newly-formed School of Tropical Medicine in 
Liverpool MTiile in this post he took part in many expeditions to the 
tropics in connection with malaiial investigations and prevention 
The chief of these were to the West Coast of Africa, to Ismailia, to Greece 
and to Mauritius 

There is no branch of malariology which has not felt his inflnenee 
During the 13 years m which he was at Liverpool he taught and inspired 
many workers, not only in connection with malaria, but also in relation 
to many other ti epical diseases 

i) J of the Gu ■’ War, he acted as Consultant in 
T' ’ of Colonel He visited 

on a ship which w'^as 
Honorary Consultant in 
He was for many 
Committee and of 
Fund Association, in 
collaborators m the 
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Some years later a public subscription was started wbicb resulted 
in the foundation of the Ross Institute for Tropical Diseases at Putney 
Heath, London This institution was inaugurated by H R H The 
Prince of Wales on 16th July, 1926, with Sir Ronald Ross as Director- 
in-Chief 

Unfoi tunatel} he had a paralytic seizure in 1927, but even this 
did not stop his unbounded energy and he continued at work, more 
especially in his mathematical studies, until a few months before his 
death 

Ross’s genius manifested itself in many forms Although he will 
always be remembered for his medical researches, yet his work on pure 
mathematics and pathometry, more especially m relation to malaria, 
was of a high order His scientific achievements have won for him 
World-Wide fame and have overshadowed his work in the field of art 
He was not only a musician of no mean abilitv but also a novelist and 
a poet Indeed at one time he seriously contemplated abandonmg 
medicme for literatuie Of his poetry, Mr John Masefield, the Poet- 
Laureate, has spoken in most eulogistic terms 

Sir Ronald was always a staunch friend and an enthusiastic helper 
to research workers who consulted him The campaign for improving 
the emoluments, and for the state endo'wment of research workers 
received his strong support 

Sir Ronald Ross was made P R S and PROS in 1901 He wns 
decorated C B in 1902, K. C B m 1911 and K C M G in 1918 His great 
discoverv gained for him the Nobel Prize for Medicine m 1902 and very 
many Governments and Universities awarded to him honours and 
degrees m recognition of the great benefits which his discovery has 
conferred upon humanity 

All over the world, workers in tropical medicine, and more 
especially in malariology, will deplore the loss of a great scientist 
and his old pupils will also mourn the passing of a valued friend and 
teacher 

Resolutions of soirow at the death of Sir Ronald Ross and of 
condolence with his relations were passed at the meetings of the Scientific 
Advisory Board and of the Governing Body of the Indian Research Pund 
Association held in September 1932 
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POISONIKG BY C co)nutus 

Though celebrated and of evil reputation, this viper has a surprisingly small 
literature containing, as far as I know, no record of any human fatality Phisalix 
(1922) has summed up the net effect of the literature which shows that the venom 
is fatal to small animals and b;rds The chaiacteristic viperme reaction at the 
site of injury develops One is led to feel that perhaps Heiodotus was right when, 
m describing this snake, he said it was harmless Again, Anderson (1898) was not 
convinced of its dangerousness to man He quotes a case m which a man who was 
a professional snake-catcher was bitten between finger and thumb by a Ceiastes 
cornutus that sprang three feet at him He took no remedial measures and did 
not suffer The same snake was made to bite a pelican on the leg , the bird died 
in thirteen minutes Whether the snake-catcher was immunized or not cannot 
of course be stated Calmette (1908) savs the species frequentlv causes fatal 
accidents amongst barefooted Arabs and blacks He does not, however, adduce 
any specific instances The snake is an object of fear to the natives but so are 
quite many harmless snakes The toxicity of the venom, as far as I know, has not 
been worked out Phisalix (1922) quotes Calmette as giving its maximum yield 
in milligrams of dried venom as 19 to 27 On existing data its dangerousness 
eannot be assessed The two cases mentioned below are not strict evidence but 
nevertheless I produce them here and am personally inclined to accept them as 
bona fide cases of C cornutus fatalities as they are not the type of fabrication 
that Arabs evolve when yarn spinning An Arab describing an imaginary 
snake’s head might talk of its having hair or horns or a crown but lie would never 


♦ The first half of this paper has been published in the October 1932 number of the Journal 

( 679 ) 
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dream of confining fiimself to sucli an unspectacular particular as that ‘ its head 
was like a triangle ’ Similarly, when an uneducated Arab describing a snake 
which he has never seen befoie mentions all its salient characteristics correctly 
and moreover mentions none that is incompatible, it is fair to accept his story 
as truth 

Case XVIII — -Bite by C corniitus with Fatal Result Mosul Details cominunicated bv Dr M 
Corner, Civil Surgeon, Mosul, in 1929 

On 15-7-29 a Syrian doctor u as sent from Mosul to inquire into the reported death of a man at 
the hill village of Dera Gidjnik near Dohuk north of Mosul It ivas rumoured that it was a snake bite 
fatality but there was a suspicion that homicide might be a more correct diagnosis 

The doctor returned satisfied that it w as a case of snake bite The snake which had been killed 
and buried uas described by the relatives of the victim as having horns It vas two and a half feet 
long, having been measured in hand spans, and had a thick body and a head broader than its body 
The bite had been on the little finger and severe swelling had subsequently spread up the arm Death 
occurred in a little over twentj’’ four liours aftei the bite 

Oominentary — Questions about the Horned Viper in these luUs invariably produced the reply 
that they were known of but that no one had evei seen one The natives of Dera Gidjiiik from whom 
the details of the snake and bite weie collected could scaicely be expected to have naturalists’ accurate 
knowledge of the size, shape, and detail of a snake they had never seen, coupled with a knowledge 
of the chmcal course of its poisoning Therefore as all points mentioned by them suggest definitely a 
viper and moreover the Horned Viper in jiarticulxi by virtue of hoi ns and ‘ a head broadei than the 
body ’ I consider the case as acceptable This is the first record of the snake east of the Euphrates 
Death in just ovei twenty -four hours points to either a large dose of venom or a very potent one 
It has been noted aheady that the yield is small (tide supia) in this species, so it would appear that 
the venom of Cerastes is powerful A length of tw'o feet si\ inches means a full grown snake No 
hsemorrhages are recorded and had such spectacular symptoms occurred they would certainly have 
been mentioned, so one may assume that, accepting the venom as being typically viperine, its hiemoi 
rhagin content is small Death was piobably due to cardiac depression, possibly by central action, 
possibly by local, probably bv’' both In small animals (Phisalix and Anderson) death appears to be 
induced laigely by mtravmscular clotting as in poisoning by other vipenne geneia 

Case XIX —Bile by C cornntus with Fatal Result Baghdad The following stoiy was told 
to me first by a medical student in 1928 His informer had been the familj nurse I subsequentlj 
heard the same storv several times from different sources quite out of contact and association with 
each other 

During the Tuikish time (i e , befoie the Biitish took Baghdad) a house was being built in Baghdad 
and while the work was proceeding a snake was encountered with a tiiangulai head A Sheikh was 
brought to catch it (a common proceduie in Baghdad nowadays) This he did and was bitten by the 
snake He died shortly afterwards Pieces of wood were used to burj him with so that there would 
be no danger of any person getting poisoned through handling the body 

Commentary — For me, mention of a triangular head not oiilj instantly firmly establishes the 
snake spoken of as a Ceiasle^ (see Plate XXV) but gives the story the stamp of authenticity Again 
it IS a record from a country east of the Euphrates Death shortly afterwards is hard to interpret , 
it may mean minutes, hours, or davs I am inclined to believe death to have been within say two 
hours, if not immediate, because the astonishing and unusual buiial precautions suggest that the end 
was powerfully aud impressively tragic and dramatic Did he die in convulsions it may be wondered , 
a thrombotic death ’ j, 

It is felt that the evidential v'^alue of the foiesoing two cases does not perhaps attain to a standard 
of perfection but in view' of tbe scarcity of data on poisoning by this snake it has been thought of 
interest to record them Should future research on the venom confirm these cases, it will mean that 
C coinutus must lauk as a vety poisouous species As, however, it is fairly common in North Africa 



Platl XXV 




Cerastes cornulus, the Horned Vipei 
{Bi/ Courtesy of the Royal College of Medicme, Baghdad ) 




Plate XXVI 
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mid no caso records arc available it is safe to sav that it is not a very dangerous snake as regards man 
Possibly it IS non aggressive under natural conditions 


Poisoning by E cminalui 

Acton and Knowles (1921) tabulate the estimated fatal dose for man as 5 0 
milligrams of the dried venom, and the approximate dose given at a bite as 12 3 
milligrams This is over twice the fatal dose The venom is thus given by these 
workers as being three times as toxie as the venom of Naja tmja Wall (1928) 
estimates the lethality of E caiinatU6 as 20 per cent There is always the chance 
with this snake of a sub-lethal dose being inoculated and this accounts for the 
apparent discrepancy in that cobra-bite is claimetl to have a 30 per cent mortality 
although its venom is only a third as toxic It can, however, admmister ten lethal 
doses at a bite Compared with V russelh it [E cannaitis) is eight tunes as toxic 
but can only administer the same number of fatal doses that is, two In point of 
fact it actually appears not to have as high a lethalitv as V russelh (or F lebetina, 

1 e , 33 J per cent as quoted previously) The reason probably is that being a smaller 
snake it has more difficulty in driving home an efficient strike than have the more 
powerful and much bigger members of the genus Vipet a Its venom differs mainly 
from that of V russelh (and therefore presumably V lebehna also) m that there is a 
much larger proportion of hsemolysin and heemorrhagm present Wall in his 
review of the literature does not mention the occurrence of fibrin-ferment, leucolysm, 
or cytolvsms as in F russelh venom As one would therefore expect the clinical 
picture IS dominated by shock, depression, and heemorrhages from the wounds, 
nose, gums, bladder and bowels Symptoms are frequent also, due to haemorrhages 
into internal organs I have not found any reference to thrombotic s)'mptoms 
Three typical cases are given m detail by Wall (1928) in his ‘ Poisonous Terrestrial 
Snakes of India ’ but as they resemble the cases recorded below in which the snakes 
w ere identified there is no point in discussing them here Four cases in which the 
snake was identified, and of which one terminated fatally are detailed below A 
fifth case, also fatal, in which the snake though not identified w^as almost certainly 
an EcJiis, is also included in the series The mortality for a series of five cases is 
thus two or 40 per cent, probably too high an index, the series being small 

Case XX — Bit& hy Echis carmatus with Fatal Besult Diwaniyali Details of a ca^^e previously 
lecorded bv Sindersou (1924) 

T A P , a healthy well built Indian aged twenty eight, and who was Station Master at Imam 
Hain/a on the Middle Euphrates near Diwaniyah, was bitten on the liall of the right thumb at 8 P M 
on 28-8-23 The snake was secured and subsequently identified as an Echis carinahis It was sixteen 
inches long A tourniquet was applied at once Later (52 hours after the bite) pronounced swelling 
of the arm and uncontrollable oo/ing of blood from the two punctures brought the patient to Diwamvah 
Civil Hospital Hero the wound area was inci*»ed and potassium permanganate was rubbed in The 
arm as far as the elbow was ver}^ swollen, e\crutiatingly painful, and exquisitely tender , it was of a 
hvid hue The samous ooFing persisted and the patient was coughing up bloodstained material 
The next day at 10 \ M (11 hours after the bite) these symptoms had become aggravated and 
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hematuria and bleeding from the gums had made their appearance Later he was placed on the 
northward bound tram and arrived in Baghdad after a six to seven hours’ journey on the morning 
of the 30th Ho was admitted to the Railway Hospital there under Dr H C Sinderson 

This would be about 36 hours after the bite On admission the patient was noted to be greatly 
collapsed and the n ouiids n ere still bleeding Shortly after arrival he passed a stool eontainmg much 
unaltered blood The pupils were dilated The pulse rate was 110, the temperature was 99°r , and 
the lespirations were 38 Swelling above the elbow was not marked but the axiUary glands were 
enlarged and tender No antivenin being available, treatment was perforce symptomatic Styptics 
were applied to the wounds but pioied ineffective Horse serum and calcium chloride ivere given 
intramuscularly and saline was administered per rectum The condition passed into one of extreme 
collapse at which stage a cannula was tied into the median basilic vein of the unaffected arm and by 
this route cardiac stimulants in hypertonic saline were administered periodically Hiemorrhages 
from the original wounds, the gums, the bladdei, and the cannula insertion site persisted and profound 
collapse and bloody expectoration dominated the situation till death at 11 15 a m on the 31st (63 
hours after the bite) 

Oommentanj — The snake was by no means a laige one, sixteen inches being rather below the 
average of specimens encountered The tourniquet is said to have been applied on the receipt of 
the bite This in itself might mean anything up to ten minutes and as it was applied by a la 5 ' person 
one may assume that it was most probably placed round the wrist or forearm Its efScacy in this 
case may therefore be doubted The seventy of the reaction, a matter of some six hours only after the 
bite, bears witness to the potency of the venom The coughing up of blood stained sputum probably 
derived from the gums, at this early stage, is also notable Although hTeniatuiia is not recorded till 
fourteen hours after the bite it is probable that examinations of the urine microscopically w ould have 
revealed the presence of red blood corpuscles much earlier I h we been unable to find any record of 
melmna in a ease of snake bite in any instances other than those in which the snake concerned was an 
E cannatus A supra lethal dose of venom was apparently absorbed and fixed here in a short time 
and the cytolytic type of death was probably inevitable after the first minute or so after the bite had 
passed 

Oases XXI ai<d XXII — Two cases of bile by E cannatus followed by Recovery Dmaniyah 
These were reported by Dr McLeod, Civil Surgeon, Diwaniyah, in April 1924 

Two pohcemen m Diwamvah had two snakes in a sack and in the course of plajung with them 
were bitten The snalvcs were subsequently identified as E cannatus Both men were admitted to 
Diwaniyah Cml Hospital, had similar symptoms and recovered The case of the more seriously 
affected man is described fiist and in more detail 

Case XXI — S K , a healtliy Arab adult, was admitted to the hospital at 2 15 p m on 9-4 24, 
fifteen minutes aftei having been bitten on the right index finger Pam was complained of and the 
hand was swollen to the wrist The site of injury was incised and potassium permanganate rubbed 
in 

At 5 30 p M (3^ horns after the bffe) the patient collajised and the swelling had reached the 
elbow The pulse was irregular and the temperature was 98 4°r Brandy, strychnine and rectal 
salines were administered The next day (18 hours after the bite), the swelling had reached the 
shoulder, the axilla was painful, and there was a tender spot below the umbilicus At 10 am (20 
hours after the bite) collapse recurred The ante cubital fossa was opened and calcium cblonde and 
sahne were given intravenously Impiovement was immediate Blood oozed continuously from the 
original incision and the swelling progressed until the left pectoral region was involved The patient 
complained mainly of pain below the umbilicus An enema procuied an evacuation suggestive of 
constipation only This gave abdominal lehef The urine was tested for blood , none was detected 
Anything swallowed was vomited The evening temperature (28 hours after the bite) was 99 5°P 
and the pulse is recorded as having been satisfactory The next day, tliat is, the 11th (42 hours after 
the bite) there was an increased loss of blood from all incisions and blood was being spat out The 
swelhng mvolved both sides of the chest completely Half an ounce of sodium sulphate was given 
The evening temperature (52 hours after the bite) was normal On the 12th (66 hours after the bite) 
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the oozing of blood iiis less o'ceopfc from tho original incision which nas bleeding more freely than 
ever Tho temperature was normal and the pulse regular though weak From this time onwards 
tho comhtion improved gradually, Inimorrhngo from the original wounds alone proving troublesome 
By tho 17th (8 dajs after the bite) the patient was greatly recovered although still suffering from 
general debility and severe anamiia Both of his arms showed patchj' ecchymoses 

Gommcnlary — The elapse of fifteen minutes before first aid probably meant that little advantage 
if any accrued from the conventional incision ond rubbing in of permanganate Abdominal pain 
and tenderness is not an uncommon thing in J^c/iis poisoning although its significance is hard to assess 
It occurs in coses where mola'iia is recorded and also in those in which no such condition has been 
noted In a case reported by C H Bcinhold (1910) severe abdominal pain was a salient symptom 
and there was no iiiclama At autopsy a large retro peritoneal hsemorrhage was present It was 
ascertained that the spleen and kidneys wore not the souico of the h'cmorrhage , the omentum, 
however, was anajnuc Abdominal pain might bo the accompaniment of many intra abdominal 
reactions but m view of the fragi'e support given by the adjacent tissues to the mesenteric vessels it 
scorns reasonable to suspect that iiitra iiiescntenc and retro peritoneal hoemorrhages may be the 
lesions concerned Coses iii winch niclacna is present closely resemble in their clinical features cases of 
Henoch’s Purpura in which sero ha-uiorrhagic exudations into the gut wall take place (Tidy, 1925), 
melama being a noteworthy clinical accompaniment It is of inteiest that it is recorded that ‘ the 
urine was tested for blood, none being found ’ The test applied is not stated but I have myself seen 
red corpuscles under tho microscope in specimens which did not show a detectable opacity on applying 
the usual simple heat test for albumen The presence of red blood corpuscles in the urine m increasing 
(luaiititics up to a poiut may probably always be demonstrated microscopically in Echis poisoning 
Tho markedly severe and diffuse tumefaction is characteristic as are also tho patchv ecchy moses not 
confined to tho area of imhal injury 

Case XXU — This, the second policeman, was a healthy adult Arab and was also bitten on a 
finger No marked swelling occurred On the second day (18 — 70 hours after the bite) he spat blood , 
this stopped the following day (42 — 54 hours after the bite) From this time (42 — 54 hours after the 
bite) until the seventh day there was great pain in the opposite arm which the patient could not move 
There was no svvelhng in it and it is not recorded whether or no it was tender Recovery was complete 
Commentary — The amount of venom inoculated was apparently small as the local reaction was 
so mild Such being the case, the severe bleeding from the nose for twenty four hours and the 
hemorrhage mto the muscles of the opposite arm, for I can see no other reason for the pain and resulting 
inability to move the arm, attest the very high hsamorrhagin content in Echis venom 

Case XXIII —Bite by B carinatiis followed by Recovery Dmaniyah Details communicated 
by Dr Lanzon, Mechcal Officer, the Railway Hospital, Baghdad, in 1929 

B J , a healthy irab railw ay coolie aged about 25, was walking on the railway hue at Khan 
Jadwhal in the Diwamyah area at 11 a m on 8-5-27 He suddenly felt a bite on his toe (third left) 
and lookmg down saw a small snake This he at once killed He then ligatured his ankle tightly 
with a cloth He was sent to Baghdad by tram arriving twenty four hours later 

On admission (24 hours after the bite) no punctures could be seen but the foot was swollen The 
under surface of the third left toe w as scarified until it bled and potassium permanganate was rubbed in 
The ligature was then removed A telegram was sent req^uestmg the despatch of the snake On arrival 
it was identified as an B cannatus At 6 P M that evening (31 hours after the bite) there was slight 
epistaxis By 10 a At the next day (47 hours after the bite) this had increased and moreov er hEematuna 
and melffina had made their appearance Intravenous salines, calcium chloride, and adrenalin were 
given and at noon and in the evenmg antivenin was administered On each of these occasions 40 c o 
were given That evening (55 hours after the bite) the temperature was recorded as 101 6°F , it rose 
to 103 6“F on the following day and dropped to normal on the raormng of the 14th (sixth day after 
the bite) Bleeding persisted 'onger, epistaxis ceasing on the 16th (eighth day after the bite) and 
hoematuna not disappeanng till the seventeenth (ninth day after the bite) A month later (thirty mne 
days after the bite) the patient was seen again when the leg, though still a little tender, vv as noted to be 
functioning without disabihty 
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tke case it should always be the endeavour of the responsible medical attendant to 
ascertain what evidence may exist as to the cause of a reputed snake-bite accident 
and should a favouiable deduction be possible to impress its significance upon the 
patient in the most emphatic terms 

Many instances are encountered in which a peison has been walking barefoot 
at night and has suddenly felt a prick Great importance should be attached to 
the natuie of the ground and suiroiindings and the immediate sensation as 
mentioned by the patient The presence of camel-thorn in the neighbourhood and 
no feeling beyond a puck suggest a thorn A diffuse pain or burning sensation 
throughout the foot or arm suggest a scorpion or poisonous snake A prick 
without such sensations and where thorns are absent suggests a harmless snake 

Bnliydnna schistose poisoning may occur only in fishermen or others on the 
sea-coast or rivers up to say sixty miles from the sea N moigam poisoning may 
occur all over Iraq V lebetina poisoning may occur only in the quadrant of Iraq 
comprised by the country north and east of Baghdad Cerastes coinutus poisoning 
IS possible throughout Iraq but probable only down the Euphrates valley and west 
of it Echis ca) Hiatus poisoning may occur only in the Diwaniyah area of the 
Middle Euphrates valley 

Symptoms due to apprehension of the result rather than from toxaemia due 
to the inoculation may be confirmed by the absence of a powerful heart-beat, 
present in cobra poisoning, and by the absence of seveie local reaction present in 
viperine poisomng In poisoning from Enhjdnna schistosa and Naga inoigam 
the following may be expected local reaction at the site of injury not very severe, 
numbness or tingling rather than pain, weakness of the legs, ptosis, failure of the 
voice, dribbling of saliva, drooping of the head, falling of the jaw, inability to 
swallow, stertorous respiration, strong heart-beat, and death, if it is going to occur, 
probably within ten hours , it may be heralded by convulsions Poisoning from 
Y lebetina will be characterized by severe and gangrenous reaction at the site of 
injuiy with diarrhcea, hallucinations, great vaso-motoi depression jaundice, and 
necrotic indolence of aftected tissues Ceiastes comutus presents more of a 
diagnostic difficulty but severe reaction at the site of injury may be expected and 
also chronic sepsis , initial vaso-motor depression it is also reasonable to expect 
The diagnosis of bite by Echis caiinatus appears simpler Bed blood corpuscles 
in the urine six hours after the bite, early and very severe haemorrhages from 
mucous surfaces particularly from the bowel, and abdominal pain and tenderness 
are characteristic 

Scorpion stings do not produce hasmorrhagic symptoms and are characterized 
by vaso-motor depression and muscular contractions , further there is no local 
necrosis 

An examination of the site of injury may reveal a thorn, a fang embedded 
in the wound, a single puncture, two larger punctures each succeeded by several 
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sniallei, or two large punctures only, or two or foui lows of sub-equal punctures 
A thorn removed and shown to the patient should make all concerned happy An 
embedded fang should be examined to see if the canal that traverses it is completely 
roofed m or whether it is more of the nature of an almost completely folded in groove 
This latter condition would mean that Naja morgani was concerned and the 
definite closed canalization would indicate one of the three vipers A single 
puncture that does not ooze blood is probably a scorpion sting, but by no means 
necessarily so, for a snake may quite possibly strike inefficiently and driye only one 
fang home Two larger punctures followed by several smaller ones and possibly 
with two rows of small punctures intervening and extending fuither back ideally 
represent a cobra-bite whereas two large punctures with the two intervening rows 
of palatine teeth marks would mean a viper and four rows of sub-equal punctures 
would mean an aglyphous or opisthoglyphous snake Only too frequently perhaps 
an examination of the site of injury will suggest little of value On the other hand 
there are occasions when the findings may save much time and trouble 

The Treatment op Snake-Bite in Iraq 

A consideration of the treatment of snake-bite in Iraq should presumably 
involve a discussion of the theory of such treatment, a criticism of that applied 
in the twenty-six cases detailed above and thirdly the formulation of a simple 
scheme of treatment in cases where the snake is E scliistosa or N moigam, 
V lebetina, C coinutics, E cannatus, or in cases where the poisoning is undiagnos- 
able except as from snake-bite 

An examination of the theory of snake-bite treatment leaves one in Iraq with a 
sense of helplessness in the presence of a case of snake-bite in which a lethal or 
supra-lethal dose has been supposedly inoculated, for no specific antivenins 
are available The literature on first aid methods approves unanimously no 
measure at all but usually, after great debate, makes qualified mention of the 
conventional ligature, incision, and chemical destruction in situ of any venom 
as yet unabsorbed 

To criticize the treatment accorded to the above cases and to point out how 
certain procedures may have counted against the patients in their fight against the 
poisonings is more or less easy and possibly may appear ungracious It should be 
emphasized, however, that snake-bite is economically negligible, that medical life is 
very practical and the study of the every-day economic necessity must necessarily 
shelve the distant rarity, that the literature on snake-bite treatment is mostly 
spht about and tucked away in the less common journals and more expensive books, 
that the average manual on tropical diseases does not treat the subject profoundly 
and that even when more detailed information is consulted by the harassed medical 
officer he finds generally, and perhaps necessarily so, debate and citation of 
authority, argument, and experiment rather than clear, concise, and convincmg 
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instruction I am of coiiise fully aware of the masteily work and summaries 
of Acton and Knowles, and of F Wall , they aie rarely, however, immediately 
available to the medical offieei who meets his case in the field None the less it 
may help to point out harmful procedures which could be quite easily avoided 
A simple scheme of treatment foi suake-bite cases in Iiaq is detailed below but 
it must be confessed that its leview fills one mainly with a sense of machievement 
One can do little curatively , one mav help nature, howevei, by minimizing the 
effects of the venom 


Theoiy of Snake-Bite and its Tieatment 

In the absence of specific antivenins the aims will be to prevent or control 
absorption and fixation of the venom, to eliminate or destroy in vivo any as yet 
unfixed, and to counter the symptomatic evils resulting from its action 

The nature and degree of the poisoning vary by reason of many factors There 
IS the toxicity of the venom to be considered m conjunction with the average yield , 
from these may be estimated the numbei of fatal doses foi an adult human of 
standard weight under optimum conditions of moculatory efficiency Again, the 
amount inoculated will be governed by the healthiness of the venom glands and 
the integrity of the fangs A snake that has just engulfed a meal may be expected 
to have less venom available than a fasting one The maturity of the snake will 
again be a factor , the bigger the snake, the more the available venom will be The 
nature of the mouth-parts and the moculatorv mechanism is a further factor A 
sea-snake with its insignificant fangs and small gape cannot claim the efficiency of 
strike possessed by Eclm with its long erectile ‘ needles ’ and its gape of 180“^ , nor 
can a twenty-four -inch Echis cannatus vie with a sixty-mch Vipera lebeima for the 
latter has a bigger gape, longer and more powerful fangs, more momentum behind 
its strike and much more venom An adult of each of these two last species may 
inoculate in the neighbourhood of two fatal doses at a bite A drop or two lost in 
striking from the amount available will scarcely affect the result m V lebetma bite 
but in EcJiis cannatus bite it may mean the difference between hfe and death to 
the victim As regards the person bitten, many modifying factors are concerned, 
such as, protection partial oi complete by clothes, boots, puttees, etc , whether 
or no the snake was jerked away at once or whether it remained attached to the 
site of injury, ‘ worrying ’ or ‘ chewmg on ’ , the nature of the inoculation, graze or 
puncture, and if the latter whether subcutaneous, intramuscular or intravascular , 
body-weight of the person bitten and his psychical reaction, and also his physical 
health The nature of the venom’s physiological effect and whether first aid 
modified this in any w^ay is the next point and lastly there remain the remedial 
measures subsequently adopted 

Discussmg the rate of fixation of venom in the tissues of the person inoculated, 
Acton and Knowles estimate an absorption tune for N naja venom of ten minutes 
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and one of twenty to thirty minutes for that of F / usselh on account of its thrombase 
content which tends to confine the venom to a certain extent to the vessels of the 
injured area These times may be taken to apply also to N moigani and 
F lebiluia E caiinaius has not been shown to contain a fibrin ferment and 
therefore mav be assumed to have an absoiptiou time comparable with Naja venom 
As regards fixation by the tissues N iiaja venom is reported by the workers just 
mentioned to be fixed slowly ovei a mattei of hours -whilst F rubselli venom fixes 
with great rapidity Its fixation, moreover, implies gross damage by the killing 
of the endothelial linings of blood vessels Again, these characteristics may be 
applied respectively to N moigam and F lebetina E carinatus, in addition to 
being absorbed as quicklv as Naja venom, has a larger hsemorrhagm content than 
Vipe)a venom and therefore probably causes a maximum of direct damage m a 
mimmum of tmie 

An appreciation of the foregoing is a helpful prelude to a consideration of what 
fiist aid and remedial measures should strive to attain and what they may hope to 
achieve First aid is directed to the limitation of absorption and the destruction 
of any venom that may be as yet unfixed Their conventional methods are by 
ligature, incision, excision, amputation, suction and phlebotomy , and by the 
injection of the specific antivenm when possible or faibng that by the rubbing in or 
local injection of chemicals claimed to be destructive of venom tn mvo 

Ligature to be effective must obviously be applied before a lethal dose of 
venom has been absorbed if it is going to be of any value This gives a very 
small tune margin to be played with Probably up to two minutes after the 
bite it IS of marked yalue, up to ten minutes of some value and after half an 
houi of no value in Echis and Naja poisoning and of very slight value m Tipera 
poisoning If too late to be helpful it needlessly adds to the patient’s 
sufferings A ligature should efficiently arrest the venous return but should 
not obliterate the arterial pulse Complete ligation is liable to cause mortifica- 
tion pel se A ligature may only be applied round single bones, that 
IS a phalanx, a humerus, or a femur An Esmarch’s tourniquet or other 
elastic mechamsm is desirable and should be loosened every twenty minutes 
for three minutes and then retightened In addition to being more efficient an 
elastic ligature is not so painful as an inelastic one 

Incision may allow a small portion of poisoned blood to dram away but it 
also mechanically may serve to force more venom from the surface and site of 
inoculation into the tissues , further, in 'F^pera poisonmg it lays open a larger area 
to the infection that is almost certam to eventuate 

Excision may help in Vipeia poisoning in which a certam amount of venom 
IS locked up in the site of injury by thrombosis If ligature was later than half an 
hour after the bite it would, however, be a futile procedure The wound in any 
case may be relied upon to exhibit severe sepsis In Naja and Echis poisoning 

J ) AIH n 
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no thiombase is contained in the venoms and absorption is rapid excision is, 
therefore, in such cases quite useless but if a ligature has been placed round a 
single bone within two minutes and the circumstances suggest that a lethal dose of 
venom may be locked up in the ligated area it is justifiable to amputate 
above the ligature without relaxing it Similarly, where Yipeia is involved 
the time preceding ligation may be stretched say to twenty minutes and 
amputation (or excision) may still achieve good 

If a ligature has been effectively apphed and no antivenm is available some 
effort must be made to destroy or eliminate the venom contained in the ligated area 
The rubbing in of potassium permanganate crystals theoretically may destroy a 
certain amount of venom with which it comes in contact, paiticularly in 
thrombase-contaimng venoms Potassium permanganate, however, is escharotic 
to the tissues and the action of rubbing it in probably diffuses venom further 
by massage Injecting it into the site with an intramuscular needle may 
destroy a certain amount of venom , it will certainly cause tissue destruction 
Suction mechanisms applied to the site of injury, incised or untouched, 
cannot do any harm Incision of the mam surface veins in the ligated 
area proximal to the bite and the withdrawal of two pints of blood, combmed 
with the introduction of a similar or greater quantity of donor’s blood or 
Bayliss’s solution by an unaffected arm may help The mechamsm is the 
washing out with blood of the poisoned area by means of the arteiial pump 
It IS probably of little value as the deep veins are not opened up It is debatable 
whether they should be , a stage little short of amputation or subsequently 
demanding amputation would soon be reached Surface vems opened should be 
selected as near the ligature as possible and should subsequently be ligated 
themselves with the strictest aseptic precautions, by understitching and tying 
over the superjacent skm The aim here is to prevent their developing into foci 
of sepsis and oozing heemorrhages in viperine bites 

There is nothing to be gained by discussing the use of real remedies, that is, 
specific antivemns, for in Iraq such do not exist Calcium is mentioned by Wall 
(1928) in his review of its use in snake poisomng as having been shown to abate the 
toxicity of cobra venom There are no other antidotes of proven value and 
further treatment is symptomatic unless one cares to classify blood transfusions 
as antidotal Blood transfusions seem to offer the only hope in certain cases 
of viperme poisonmg in which a cumulative toxsemia combined with a grossly 
vitiated blood provide too great an onslaught for the body’s natural defences 
to fight against The draining away of poisoned destroyed blood and the 
introduction of fresh blood replete with red cells and leucocytes may be expected 
to help 

In cobra poisonmg, artificial respiration should be kept up as long as the heart 
beats although it cannot be theoretically justified in the absence of antivemn 
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Should respiration he failing the administration of carbon dioxide and oxygen may 
be tried or the patient may breathe in and out of a bag thus increasing his carbon 
dioxide intake 

In viperine poisoning, the evils to be countered are destruction of blood cells 
and of vascular linings, persistent luemorrhages, destruction of liver and kidney 
cells, accumidation of katabolic and necrotic products of a toxic nature, great 
vaso-motor depression, gangrene, general sepsis, specific infections such as tetanus 
and mabgnant oedema, and generalized septicsemia V enesection and blood trans- 
fusions, calcium intramuscularly, haemoplastin or normal horse serum, adrenalin, 
salines and hot packs and fluids, always having regard to the pulse, digitalm, 
strophanthus, pituitrin and frequent small feeds of coffee, soup, cocoa, tea, milk, 
etc , early amputation rather than late, polyvalent anti-streptococcal serum and 
specific sera when indicated all have their value Early stimulation and move- 
ment are bad as the venom is thus more quickly diffused Amm onia and alcohol 
as first aid measures may thus be classed as harmful Strychnine bemg 
cumulative is dangerous and better avoided , digitalm, pituitrin, and adrenalin are 
better and safer as stimulants and also have other valuable effects in addition 

In the cases discussed above potassium permanganate treatment probably 
facihtated the advent of necrosis and sepsis in most instances and the amount of 
venom if any destroved by it cannot have been appreciable Other practices that 
probably were harmful were activity and travelling immediately after the bite, and 
activity after a period of four days’ inactivity following the bite In the former 
venom was probably diffused and fixed much more rapidly than it need have been 
and in the latter the rupture of injuied vessels undergomg a reparative process 
imtiated a fatal tram of symptoms 

Based on the preceding considerations the following scheme of treatment for 
cases of snake-bite m Iraq is formulated — 

FresT Aid 

If the patient is seen iiithm ten minutes of the bite 

(1) Secure absolute recumbency and rest 

(2) If the situation of the bite permits apply a ligature by a rubber band or 
other elastic mechanism around the digit, upper arm or thigh concerned If the 
bite IS on a digit apply a ligature around both digit and upper arm or thigh as the 
case may be The ligature should prevent the venous return but not the arterial 
feed Every twenty minutes the bgatures should be relaxed for three minutes 
and then retightened This may be contmued for six hours 

(3) Swab the surface of the injured area with strong potassium permanganate 
solution, iodine, or spirit, to remove any venom stdl lymg on the surface Cover 
the site with a sterile or mildly antiseptic dressmg 
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(4) Eeassiire the patient that the dan^ei from snake-bite is vastly over-rated, 
that two-thirds of all cases bitten by the much feaied Indian cobra lecover, 
and that there is always a very good chance of a sub-lethal dose having been 
administeied 

(5) Secure the snake whenevei possible Its identitv may help in forestalling 
symptoms if a viper, and if it is a haimless snake the pointing out of its 
oharacteiistics to the patient mav pievent death fiom fright Moreover, its 
recognition as a harmless snake will save much discomfort from further 
medical and surgical measures by rendering them unnecessary 

(6) Eemove the patient with the minimum of movement to the nearest place 
where medical observation and attention can be applied 

If the patient is seen moie than ten minutes aftei the bite 

Act similarly, but ligation is of value only if the snake is a F lebetina or 
unidentified and even then it is a useless measure if more than half an hour has 
elapsed 

HOSPITAL TEEATMENT 
(A) Immediate 

(1) Diagnose the case as cobra poisomng, viperme poisonmg, doubtful, or not 
snake poisoning (include snake-bite from a non-venomous species) 

(2) If one of the first three diagnoses is made secure a suitable donor for blood 
transfusions m view of possible eventuahties 

(3) Give an injection of polyvalent anti-streptococcal serum Dental and 
oral sepsis is common in snakes 

(4) Commence intramuscular injections t d s of 2 per cent calcium chloride 
solution in two drachm doses This is of value in cobra poisomng [vide supia) 
and in viperme poisoning it replaces the calcium lost by haemorrhage and coun- 
teracts the anti-coagulant efiects of the venom 

(5) If a ligature has been suitabh’’ applied within a reasonable time the surface 
veins may be opened as described above and an attempt made to drain away poison- 
containing blood Donor’s blood or a suitable solution may be introduced by an 
unafiected arm 

(6) Give a saline purge and later a simple soap enema to lunit potential 
toxaemia and render the patient in a suitable state for the reception of rectal 
salines 

(7) Secure tranquillity and rest till any venom absorbed may be assumed to be 
fixed , that is up to, say three hours after the bite Thereafter start rectal salines 
and drinks if tolerable The aim here is to mcrease the body fluids with a view to 
forestallmg in some degree possible fluid loss and vaso-motor depression 

(8) If the indications for amputation are present as defined above, amputate 
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(B) Laper 

Poisoning by E sclmlom and N morgam 

(1) The venoms of these snakes although absorbed quickly fix slowly and 
therefore the withdrawal of blood and its replacement by donor’s blood may, by 
simple subtiaction, reduce a lethal dose to a sub-lethal one 

(2) When the paralyses have strongly developed and the respiration is failmg, 
the central stimulant effect of carbon dioxide may be tried in conjunction with 
oxygen, both from cylinders when such are available Failing this the patient 
may bt made to breathe in and out of a paper or rubber bag 

(3) Should bieathmg stop, artificial respiration may be persevered with as 
long as the heait beats 

Poisoning by V lebettna,C cottiuhis and E cannatus 

The evils to be countered are svncope, hsemorrhages, cumulative toxasmia 
from venom constituents, necrosed tissues, uneliminated katabolic products, and 
bacterial toxins , destruction of blood cells, and inability to combat infection 

Svncope may be fought with , the raismg of the foot of the bed, the bandaging 
of the limbs and the use of an abdominal binder, blankets, hot-water bottles, when 
tolerable, half-hourly two-ounce feeds of soup, tea, coffee, or cocoa, by rectal and 
subcutaneous salmes, by intravenous administration of Bayliss’s solution, by 
hypodermic injections of pituitrm, adrenalin, ergotin, and digitalin or strophanthin 
and best of all with blood transfusion , this last gives the patient what he most 
stands in need of, more blood 

Hiemorrhages should be countered with early and repeated calcium chloride 
(mde supra), by haemoplastin and normal horse serum and by blood transfusions , 
adrenalin is also of v'alue 

The elimination of toxins presents a big problem and here again venesection 
and withdrawal of poisoned blood and its replacement by fresh blood or any 
available suitable solution would appear to be of most value If the patient’s 
fluid content appears good, toxm elimination by all natural routes may be 
stimulated by diuretics, saline aperients and hot packs 

Destruction of red and white blood cells can obviously only be countered with 
blood tiansfusion 

Infection, notably in poisoning from V lebetina, must be met half way Poly- 
valent anti-streptococcal serum should be administered early and repeatedly 
Tetanus, malignant oedema, etc , will call for specific sera and in sub-acute cases an 
autogenous vaccme may help Locally hydrogen peroxide and Carrel-Dakm eiisol 
treatment would seem deservmg of recommendation Hot fomentations unless 
efficiently applied probably merely favour the growth of bacteria m sloughmg areas, 
hot potassium permanganate baths are better Blood transfusion agam appeals as 
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a measure of great value, meaning as it does the introduction of fresh blood with 
its natural content of antibodies and healthy white cells 

Poisoning Doubtful 

The period of doubt need not be long Weakness of the limbs, voice etc , 
with a strong pulse point to colubrine (E schistosa and N moigani) poisomng 
Marked pain and swelling at the site of injury and weak fast pulse mean a viper 
Examine the urine microscopically foi red blood corpuscles , their presence is 
justification for a diagnosis of vipenne poisomng if bilharziasis can be ruled out 
If there is great vaso-motor depression with no reaction at the site a diagnosis of 
bite by a non-venomoiis snake may be safely made and the usual restoratives 
coupled with assuiances as to the result should be vigorously applied as m the 
case of patients diagnosed initially as suffering from fright and not from snake 
poisoning 

Summary 

(1) The snake population of Iraq has been discussed and five out of a total of 
twenty-four species noted as dangerously venomous to man These five species 
are a sea-snake, Enhyd)ina schisto/>a , a cobra, Naja moigani , and three vipers, 
Viper a lebetina, Cerastes comutus, and Eclm cannatus 

(2) The distribution of these snakes in Iraq has been discussed and it has been 
claimed that E schistosa may be found as far upstream as Basra, and further , that 
N moigani is found throughout the country, that V lebetina is confined to the 
noith-east of Iraq, taking Baghdad as the centre of the country , that C comutus is 
fairly common on the Euphrates and west of it, but that it probably occurs rarely 
also throughout the country , and that E cannatus is confined to the Diwamyah 
area of the Middle Euphrates 

(3) The validity of W wgyptia and E moigani has been discussed and it has 
been suggested that these snakes are quite possibly conspecific and should stand as 
N cegyptia 

(4) A simple key to the field identification of these venomous species has been 
formulated due regard having been had to the characteristics of the nineteen harmless 
species indigenous to the country These nineteen have been named 

(5) Folk remedies foi snake-bite m Iraq and snake-bite in the country in the 
past, remote and immediate, have been touched upon in a brief review 

(6) No bites by E schistosa have been recorded from Iraq 

(7) Two fatal bites by N moigani have been recorded and discussed 

(8) Fifteen bites by V lebetina have been recorded and discussed It is shown 
that this snake causes most snake-bite fatalities in the country and has a lethality 
of 33J per cent Five types of fatal result from its poisoning have been described 

(9) Two probable deaths from C comutus have been described 



N L Corkill 


695 


(10) Five cases of poisoning by E cannalus have been described , two of them 
ended fatally 

(11) The difierential diagnosis of snake-bite in Iraq has been discussed 

(12) The treatment of snake-bite has been brieflv discussed 

(13) A scheme of treatment for snake-bite cases m Iraq has been formulated 
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Effect of insanitary condition on other organs. 

The presence of a ‘ goitre-noi.a ’ in association with the conditions of insani- 
tation prevailing in the present experiment having thus been conclusively demon- 
strated, it remains to be seen what changes are brought about by it in other 
organs of the body Strictly speaking we have no right to assume that because 
this noxa gives rise to goitre it is the cause also of the changes, now to be 
demonstrated, that occur m other organs It is conceivable that this noxa may 
be specific for the thvroid gland and that others, occurring m association with it, 
are responsible for such changes as are found in other organs of the body This 
possibility cannot, at present, be ignored Accordingly, we speak of the effect of 
‘ insamtary condition ’ on other organs rather than of the effects of the ‘ goitre- 
noxa ’ upon them, although these effects occur comcidently with those produced 
on the thyroid gland itself 

Statistical analysis of their weights and sizes indicate that the oigans fall in 
three groups — 

(а) those in which enlargement occurred the adrenals and the spleen , 

(б) those in which diminution in size occurred the th3Tnus and the 

testicles , and, 

(c) those whose weight and size remained unchanged or were indefinite 
the heart, the kidneys and the liver 
Significant changes m the proportionate size of any organ of the body is no 
more than a gross mamfestation if a disturbance in balance of the normal relation- 
ships existing between different parts of the orgamsm As such they are a 
relatively ready means of detectmg abnormality But it is obvious that other 
means must be employed to determine the nature of these changes Similarly, the 


* The first half of this paper has been published m the October 1932 number of the Journal 

( 697 ) 
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non-occurrence of change, as detectable by such means, does not necessarily unply 
that no abnormality existed Our results are presented, therefore, as indicators 
of change in a later paper it is hoped to deal with the nature of this change 

It IS to be emphasized that the duiation of the experiment was not great 
(110 to 120 days) , moie marked efiects might have been observed had it been more 
prolonged Our lesults relate to the effects produced within a period of 120 days 

A. The adrenal glands. — 

The efieot of insanitary condition on these organs is shown in Tables IV(a) 
and IV(6) and in Figs 7 to 10 It will be noted from them that it is exhibited as a 
significant increase both in their actual weights and in their size relative to that 
of the body , an increase, however, which is slight in comparison to that induced 
in the thyroid gland by the ‘ goitre-noxa ’ It will be observed [Table IV(a)] that 
at almost every range of body-weight both the actual weights of these glands and 
their sizes are greater in the ‘ insamtaiy ’ than in the ‘ sanitary ’ group Here, 
also, an increased degree of positive skewness of the frequency distribution diagrams 
IS to be noted as well as the later occurrence of the modal point This effect is 
equally marked in the two sexes , for although the size (‘ r ’) of the adrenal glands 
was gieater in females than in males their response to the action of insanitaiy 
condition did not differ materially in the two sexes 


Table IV(a) 

Showing mean adi enal-iveiglits and mean adi enal-sizes (‘ i ')in rats living 
in sanitaiy and in insamtaiy conditions {tigs 7 and 8) 


jSTumbeb of bats 

Adbenal WEIGUT, ’WG 

Sanitary 

Insanitary 

Sanitary 

Insanitary 


1 


20 

1 

1 

21 

15 


2 


26 

4 

3 

39 

41 

16 

7 

29 

30 

26 

20 

32 

37 

14 

20 

36 

37 

4 

15 

35 

44 

12 

10 

29 

39 

18 

8 

25 

29 

16 

14 

30 

33 

16 

12 

28 

36 

2 

13 

28 

34 


6 


31 


1 


25 


1 


65 


Body- weight, 
g 


faO— 69 
70—79 
80—89 
90—99 
100—109 
110-119 
120—129 
130—139 
140—149 
150—159 
160—169 
170—179 
180—189 
190—199 
200—209 
210—219 
220—229 


Adkenal size, mg 


Sanitary 


27 

40 

27 

26 

29 

26 

20 

16 

18 

16 

18 


Insanitary 


31 
20 
30 
43 
21 

32 
30 

33 
28 
26 
21 
20 
18 
16 
12 

24 
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Table lY{b) 


Showing frequency distributions of adrenal-ueights and of adrenal-sizes 
(‘ r ’) in rats living in sanitary and in insanitary conditions 
{Figs 9 and 10) 


Range of adrenal 

Number of rats 

Range of 
adrenal 
size, mg 

Number 

OF EATS 

weight, mg 

Samtary 

Insamtarv 

Sanitary 

Insanitary 

10—14 9 


1 

0—9 

1 

3 

15—19 9 

6 

7 

10—19 

61 

31 

20—24 9 

23 

11 

20—29 

48 

60 

23—29 9 

33 

14 

30—39 

26 

36 

30—34 0 

33 

19 

40—49 

3 

13 

35—39 9 

21 

25 




40—44 9 

S 

23 




43—49 9 

4 

20 




60—54 9 

1 

6 




55—39 9 


1 




60—64 9 


4 




65—69 9 

1 

2 




Totals 

129 

133 


129 

133 

Mean and standard 

30 8 ± 0 63 

37 6 ± 0 97 


23 4 ± 0 70 

26 9 ± 0 80 

error 






standard deviation 

7 1 

110 


8 3 

9 8 

w 






Co efficient of vana 
tion 

23 

29 


36 

36 

Difference between 
means 

6 8 ± 1 16 


3 51 ± 1 13 

Sigmficance 

t=6 89 , significant 


t=3 20 , 

significant 




















curves of adrenal glands 




an a * 
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B The spleen. 

The eftecfc of msauitaiy condition on this organ is shown in Tables V(a) and 
V{b) and m Figs 11 to 14 Here also it is one of significant increase both in the 
actual and in the relative weight (‘ r ’) of the organ The observation recorded 
in another place is thus confiimed (McCarrison and Madhava, 19 .^j 2) Attention 
is directed to the incieased weight and si/c of the spleen at almost every range of 
body-weight, as well as to the positive skewness and later occurrence of the 
modal point in the frequency distribution diagrams of the insanitary group 
This effect is equally marked in the two sexes 

Table V(a) 


Showing mean sg)leen-iveights and mean spleen-sizes (‘ r ’) in jais living in 
sanitaiy and in insanilary conditions (Figs 11 and 12) 


1 

Body weight, 

S 

NultBFR OP RATS 

Spleen WEionr, o 

Spleen size, q 

Sanitary 

Insanitary 

Sanitary 

Insanitary 

Sanitary 

Insanitary 

60-09 

1 

1 

1 

1 


0 28 


0 40 

70—79 

1 

1 

0 45 

0 38 

0 57 

0 60 

80—89 

1 

2 


0 62 


0 67 

90—99 

4 

3 

0 41 

0 40 

0 42 

0 43 

100—109 

16 

7 

0 43 

0 42 

0 40 

0 48 

110—119 

26 

20 

0 44 

0 49 

0 38 

0 43 

120—129 

14 

20 

0 49 

0 51 

0 40 

1 

0 41 

130—139 

4 

IS 

0 44 

0 53 

0 33 

0 40 

140—149 

12 

10 

0 49 

0 54 

0 34 

0 37 

150—139 

18 

8 

0 49 

0 67 

0 32 

0 38 

180—169 

16 

14 

0 56 

0 68 

0 36 

0 36 

170—179 

16 

12 

0 68 

0 66 

0 33 

0 38 

180—189 1 

1 

2 

13 

0 46 

0 62 

0 27 

0 34 

190—199 


5 


0 72 


0 37 

200—209 


1 


0 77 


0 38 

210—219 


1 





220—229 


1 


1 09 


0 48 
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Table V(6) 

Showing fiequency distnbutions of spleen-weights and of spleen-sizes 
(‘ r ’) in lats living in sanitary and in insanitary conditions 

{Figs 13 and 14) 


Jbtauge ot 
spleen 
weight, g 

NnaiBEE OE EATS 

Range of 
spleen size, 
g 

Numbeb 

, OF BATS 

Sanitary 

Insanitary 

Sanitary 

Insanitary 




0 10-0 19 

2 


0 20—0 29 

4 

2 

0 20-0 29 

30 

7 

0 30—0 39 

35 

10 

0 30—0 39 

66 

66 

0 40—0 49 

31 

32 

0 40-0 19 

29 

48 

0 50—0 59 

31 

48 

0 50—0 59 

10 

11 

0 60—0 69 

21 

28 

0 60—0 69 

2 

1 

0 70—0 79 

4 

9 




0 80—0 89 

3 

2 




0 90-0 99 


1 




1 00—1 09 

1 

1 1 




Totals 

129 

133 


129 

133 

Mean and 

0 4919 ±0 1118 

0 5523 ± 0 0108 


j 

0 3663 ± 0 0086 

0 3996 ± 0 0065 

stand a r d 






error 






St a n d a r d 

0 1330 

0 1249 


0 0971 

0 0762 

deviati 0 n 






(-) 






Co efSoi e n t 

27 

23 


27 

19 

of variation 






Diffe r e n 0 e 

0 0604 ± 0 0160 

j 

0 0333 ± 0 0107 

b e t w een 






means 






Significance 

t=3 8 , significant 

i 

1 

1 

t=3 2 , significant 
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C. The testicles. 

In contiast to the enlaxgement of the thyroid, adrenal glands and spleen, the 
testes show an effect of the opposite order These organs are significantly reduced 
in size , the magnitude of this reduction being, however, less great than that of the 
increase in size of the adrenals and spleen The interest of this observation is con- 
siderable, having regard to the condition of the sex-organs in endemic cretinism 

Attention is here directed to the negative skewness of the frequency 
distribution diagrams and to the earliei occurrence of the modal point in the 
insanitary group 

These results are shown in Tables VI{a) and VI{6) and in Figs 15 to 18 — 


Table VI{a) 

Showing mean testicle-weights and mean iesticle-sizes i ’) in rats living 
in sanitaiy and in insamtaiy conditions {Figs 15 and 16) 


Body eight, 

' g 

NuMBEE OE K4TS 

i 

' Testicle weight, g 

i 

Testicle size, g 

Sanitary 

Insanitary 

Sanitary 

1 

Insanitary 

I 

Sanitary 

1 

Insanitary 

60—69 


1 


1 15 


1 77 

70—79 







80—89 







90—99 


3 


1 51 


1 60 

100—109 

1 


2 42 


2 26 


110—119 

1 

1 

2 85 

2 14 

2 48 

1 so 

120—129 


1 


2 40 


1 86 

130—139 

2 

2 

196 

1 83 

148 

1 37 

140—149 

12 

3 

219 

193 

152 

1 34 

150—159 

17 

t 


1 2 22 

1 98 

1 45 

1 31 

160—169 

1 

16 

14 

2 21 

1 

2 21 

1 36 

1 34 

170—179 

16 

12 

2 36 

2 24 

1 34 

1 27 

180—189 1 

2 

13 

2 41 

2 31 

1 32 

1 26 

190—199 


5 

i 

2 13 

1 


1 10 

200—209 


1 


2 28 


1 11 

210—219 





. 


220 — 229 


1 


2 59 


1 14 
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Table VI(6) 

Shoiuing frequency distributions of testicle-n eights and of testicle-sizes (‘ r ’) 
in rats living in sanitaiy and in insanitary conditions 
{Figs 17 and 18) 


Ringo of 
testicle weight, 

Number 

OF RATS 

Range of 
testicle 

Number oe bats 





CT 

o 

Sanitary 

Insanitary 

size, g 

Sanitarv 

Insanitary 

0 90—1 09 


1 

1 00—1 09 

1 

1 

3 

1 10— 1 29 


1 

1 10- 1 19 

1 7 

12 

1 30—1 49 



1 20—1 29 

1 

16 

1 50—1 69 

1 

2 

1 30—1 39 


13 

1 

1 70—1 89 

4 

6 

1 40—1 49 

1 

15 

8 

1 90—2 09 

10 

11 

1 50—1 69 

13 

i 

2 10—2 29 

16 

19 

1 60—1 69 

4 

, 1 

2 30—2 49 

22 

15 

170—179 

2 

1 

2 50—2 69 

10 

4 

1 80—1 89 

1 

2 

2 70-2 89 

1 

3 

190—199 

• 


2 90—3 09 

2 

1 

1 

2 00—2 09 ' 

1 

1 

1 



i 

1 

2 10—2 19 






2 20- 2 29 

1 





2 30—2 39 

1 





2 40—2 49 

1 


Totals 

65 

62 


65 

62 

Mean and standard 
error 

2 32 ± 0 03 

2 17 ± 0 04 

1 

1 45 ± 0 03 

1 34 ± 0 025 

Standard deviation 
(“) 

0 27 

0 33 

1 

0 244 

0 198 

Co efhcient of vana 
tion 

12 

15 

1 


17 

16 

Difference between 
means 

0 1427 ± 0 0548 


0 1144 : 

t 0 0395 

Significance 

t= 26, 

significant 


t = 2 9 , significant 


J, MR 


3 
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D The thymus 

Here also the eftect of insanitary condition was to cause a significant decrease 
in both the actual weight and size of the thymus This diminution is more marked 
than in the testes It will be noted [Table Vll(a)] that at every range of body- 
weight both the thymus-weight and the thymus-size are less m the ‘ insanitary ’ 
than 111 the ‘ sanitaiy ’ gioup The frequency distribution diagrams also show 
the features associated with diminution in size negative skewness and earlier 
appearance of the modal point This effect of insanitary condition was more 
marked in males than in females (Table XI) 


Table Vll(a) 

Slioiting mean Ihymus-u’etghls and mean tliymus-sizes (‘ i ’) iniais hvtng 
in sanitaiy and in insanitaiy conditions {Figs 19 and 20) 


Body weight, 

rr 

o 

Number of rats 

TimiUS WEIGHT, 0 

Thymus size, g 



Samtaiy 

Insanitary 

Sanitary 

Insanitary 

60—09 


1 


0 090 


0 138 

70—79 

1 

1 

0 080 

0 080 

0 101 

0 105 

80—89 


1 


0 040 


0 046 

90—99 

4 

3 

0 120 

0 060 

0 118 

0 064 

100—109 

16 

7 

0 120 

0 096 

0 111 

0 067 

110—119 

20 

20 

0 130 

0 109 

0 099 

0 091 

120—129 

14 

20 

0 120 

0 112 

0 097 

0 090 

130—139 

4 

15 

0 090 

0 121 

0 068 

0 090 

140—149 

12 

10 

0 140 

0 117 

0 096 

0 081 

ISO— 159 

18 

8 

0 120 

0 111 

0 077 

0 073 

160—169 

16 

14 

0 140 

0 113 

0 071 

0 069 

170—179 

16 

12 

0 110 

0 108 

0 064 

0 062 

180—189 

2 

13 

0 120 

0 095 

0 063 

0 051 

190—199 


5 


0 106 


0 054 

200—209 


1 


0 095 


0 046 

210—219 







220—229 


1 


0 150 


0 067 
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Table VII(6) 


Showing fieqiiency chsUibulions of thymus-iveights and of thymus-sizes 
i ’) in rats living insanitary and in insanitaty conditions 
{Figs 21 and 22) 


Rauge of thymus 
weight, mg 

Number 

OF RATS 

Range of 
thymus size, 
mg 

1 

Nusiber of bats 

Samtaiy 

! Insanitar\ j 

Sanitary 

Insanitary' 

40—49 


j 

I 1 

0—9 

1 


50— o9 


! 9 

10—19 

1 


60— 09 

3 

3 

20—29 


2 

70—79 

3 

! 3 

! 30—39 

1 

n 

4 

80— S9 

16 

i 12 

' 40—49 

6 

10 

90—99 

15 

16 

'iO— 59 

12 

16 

100—109 

11 

15 

60—69 

13 

19 

110—119 

13 

16 

70—79 

22 

IS 

120—129 

17 

14 

80—89 

13 

19 

130—139 

10 

17 

90—09 

11 

13 

140—119 

6 

6 

100-109 

10 

11 

150—159 

10 

9 

110—119 

14 

6 

160—169 

12 

3 

120—129 

9 

0 

170—179 

0 

3 

130—139 

7 

4 

180—189 

3 

1 

140—1 19 

3 

1 

190—199 

5 


1 150—169 

2 





160-169 

2 





170—179 






180—189 

2 


j 



230—239 

1 


1 

Totals i 

129 

128 

i 

1 

129 

128 

1 

— 1 

Mean and standard 

125 1 ± 29 

1127 db 27 i 


928 ± 30 

78 6 ± 2 4 

error 





1 

stand ird deviation 

33 2 

30 5 


.34 2 

! 26 8 

(-) 






Co efficient of varia- 

27 

27 


[ 37 

34 

tiou 




1 

I 

1 1 
1 


Difference between 

124 ± 40 


14 2 ± 3 85 

means 

Significance 

t=3 0 , sig 

nificant 


t— 3 7 , significant 

i 
























710 The Effect of 1 nsmiita) y Condition on the Thy)oid Gland. 


E. The liver. 

The eftect of msamtaiy condition on this organ is less definite than that observed 
in any othei oigan For although theie is a significant difference in the liver- 
sizes (‘ r ’) yet this difference is not lepioduced in the actual weight of the organ 
in the two groups The first finding must, therefoie, be mainl}' an effect of body- 
weight In females the livei was smaller than in males, langing in weight from 
7 5 to 8 0 g for a body- weight of about 118 g , while in males it weighed about 10 g 
foi a body-weight of 160 g Nevertheless, it will be noted from the frequency 
distiibution diagrams (Figs 25 and 26) that the modal point occurs eailier in the 
insanitary than in the samtary gioup 

Attention was drawn in a previous publication (McCarrison and Madhava, 
1932) to the increase in size of the livei which appeared to result from insamtary 
condition The piesent results are in opposition to this observation But the 
dietary conditions were not the same in the two cases and possibly it is to this that 
the disparity is due For the present, therefore, the effects of insanitary condition 
pe> se on the liver must be regarded as mdefimte 


Table Vlll(a) 


Showing mean livei -weights and mean live) -sizes (‘ i ’) in rats living in 
sanitaiy and in msamtaiy conditions [Figs 23 and 24) 


Body -weight, 
g 

NoaiBEB OF RiT-, 

Liver weight, g 

Lever size, g 

Saiiitaiy 

Insanitaiy 

Sanitary 

( 

Insanitary 

Sanitary 

Insamtary 

60—69 


1 


, 410 


6 31 

70—79 

1 

1 

56 

5 16 

7 20 

6 47 

80—89 


2 


4 86 


5 68 

90—99 

4 

3 

66 

5 52 

6 80 

5 87 

100—109 

16 

7 

67 

6 43 

6 35 

5 88 

110—119 

26 

20 

76 

6 91 

6 63 

6 00 

120—129 

14 

20 

76 

7 44 

6 14 

5 94 

130—139 

4 

15 

7 6 

7 71 

6 72 

5 83 

140—149 

12 


9 2 

8 69 

6 40 

6 02 

150—159 

18 


98 

9 17 

6 39 

6 01 

160—169 

16 


10 3 

10 06 

6 26 

6 11 

170—179 

16 


11 2 

10 33 

6 45 

5 85 

180—189 

2 


11 2 

11 39 

6 15 

6 19 

190—199 




12 27 


6 31 

200—209 


1 


11 78 


5 75 

210—219 







220—229 


1 


13 40 


5 88 
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Table VIII{6) 

Showing fiequencg diUnbutions of hvei -tvetghts and of Itver-stzes 
(‘ } ’) in taU living in sanitaiy and in insamlauj conditions 
(Figs 25 and 26) 


Kango of liver 

Numdj b 

06 R\TS 

Range of 
liver size, 

8 

Number 

OB' BVT3 

M eight, g 

Sanitary 

Insanitary 

Sanitary 

1 Insanitary 

4 0—19 


2 

4 0—4 9 

4 

3 

5 0—3 9 

0 

8 

5 0—5 9 

26 

64 

6 0—6 9 

23 

21 

6 0—6 9 

78 

62 

7 0— 7 9 

24 

30 

7 0—7 9 

16 

3 

8 0—3 9 

16 

18 

8 0—8 9 

4 

1 

9 0—9 9 

18 

16 

9 0—9 9 

1 


10 0—10 9 

28 

19 




11 0—11 9 

11 

13 


1 1 


12 0—12 9 

3 

o 

1 

1 



13 0—13 0 

1 

1 

1 

1 

4 

1 




Totals 

I 

1 1 

' 129 

1 

133 

1 


129 

1 

133 

Jrean aud standard ! 
error 

8 66 ± 0 16 

8 63 ± 0 18 


; 

6 45 dz 0 07 

1 

1 

6 01 ± 0 05 

Standard deviation 
('') 

1 85 

2 05 


0 80 

0 62 

Co eflBcient of varia 
tion 

21 

24 


12 

i 

10 

Difference between 
means 

0 03 ± 0 24 


0 43 ± 0 09 

Sigmfieance 

t ~ 0 1 , not significant 


t = 4 9 , significant 
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F. The kidneys 

Insanitary condition had no effect on these organs within the period of the 
experiment, so far as could he determined by statistical methods of observation 

Table IX{a) 


Shoiving mean ladney-ueigliis and mean lidney-sizes r ’) %n rats living 
in sanitary and in insanitary conditions (Figs 27 and 28) 


Body weight, 
g 

Number of eats 

Kideby weight, g 

Kidney size, o 

Sanitary 

luaamtarv 

Sanitary 

Insanitary 

Sanitary 

Insanitary 

GO— 09 


1 


1 01 


1 55 

1 

70—79 

1 

1 

0 86 

0 96 

1 08 

126 

80—89 


2 


147 


1 72 

90—99 

2 

3 

i 1 20 

108 

1 22 

1 15 

100—109 

16 

7 

1 136 

1 

1 15 

1 1 35 

1 

* 0 97 

i 

110—110 

26 

20 

1 27 

1 128 

0 99 

1 11 

120—129 

14 

20 

128 

1 36 

106 

1 08 

130— 1S9 

i 

4 

15 

1 12 

1 33 

0 84 

1 00 

140— 149 

12 

10 

1 

146 

149 

1 01 

103 

150—159 

18 

8 

1 68 1 

153 

103 * 

101 

160— 1G9 

16 

14 

1 55 

167 

0 96 

0 95 

170—179 

16 

12 

1 64 

1 67 

0 94 

0 96 

180—189 

2 

13 

1 84 

170 

1 02 

0 95 

190—199 


5 


1 85 


0 06 

200-20'! 

1 

1 


185 


0 90 

210—219 







220—229 


1 


2 21 


0 07 
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Table IX(6) 


Showing f)eq;uency disti ibulions of kidneij-weighU and of Lidneg- sizes 
(‘ ) ’) iinats living in samlanj and in insanitaiij conditions 

{Figs 29 and 30) 


Range of 

1 

Klubfr 

I 

OF RATS 

1 

Range of 
kidney si/e, 
g 

Number 

OF PATS 

a 

o 

1 

Samtar^ 

Insanitary 

Sanitary 

Insanitary 

0 80—0 89 

1 


0 60-0 69 


3 

0 90—0 99 

^ -i 

1 4 

0 70-0 79 

5 

2 

1 00—1 09 

/ 

10 

0 80-0 89 

22 

19 

1 10—1 19 

9 

i 

11 

0 90—0 99 

21 

87 

1 20—1 29 

22 

16 

1 no -1 09 

36 

33 

1 80—1 89 

17 

' 21 

1 10—1 19 

18 

19 

1 40—1 49 

18 

1 

11 

1 20—1 29 

12 

11 

1 50— 1 50 

10 

14 

1 30—1 30 

7 

2 

1 60—1 69 

10 

19 

1 40—1 40 

3 

1 

1 70—1 70 

13 

5 

1 50—1 50 

1 

4 

1 

1 80—1 89 

3 

10 

I 

1 60—1 69 

1 

1 

1 90—1 99 

4 

7 

1 70—1 79 

1 


2 00—2 09 


1 2 

1 80—1 80 



2 10—2 19 


2 

1 90—1 99 


1 

2 20—2 29 


1 




Totals 

127 

133 


127 

133 

Mean and standard- 
error 

1 

standard deviation j 
{<’) 

Co efficient of varia- j 
tion i 

1 44 ± 0 02 

0 2469 

1 

17 

1 

1 47 ± 0 03 

0 2929 

20 


1 06 i 0 0165 

0 1861 

17 6 

1 04 ± 0 0168 

0 1925 

18 5 

Difference between 
means 

Significance 

0 0337 ± 0 0344 

t=0 9 , not significant 

1 

0 0155 ± 0 0235 

t=0 7 , not significant 

















08 1-0 12 1-4 16 la £0 22 Q.g gg 1 q 22 I .4 16 18 20 

Vcighl in ^rnmines Size (“r ) in grammes 

Fig 29 Frequency distnbutions of kidney iveights in the two Fig 30 Frequency distributions of kidney sizes (‘ r ’) in the 

groups The tu o distributions do not differ appreciably groups The two distributions do not differ appreciably 
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G. The heart. 

The heart also showed no significant change either m weight or size consequent 
on exposure of the animals to the insanitary condition for a period of 120 days 

Table X(a) 

Showing mean heart-weights and mean heart-sizes C r ’) in rats living 
in sanitaiy and in insanitary conditions {Figs 31 and 32) 


Boily-weiyht, g 

Numbeb of bats 

HeAET'WEIOHT, 0 

j Heaet size, g 

Sanitary 

Tnsamtarv 

Sanitary 

Iifsnmtarv 

Sanitary 

Insanitary 

60—69 


1 


0 49 


0 75 

70—79 

1 

1 

0 57 

0 35 

0 72 

0 46 

80—89 


1 


0 38 


0 44 

90—90 

4 

3 

0 58 

0 45 

0 60 

0 48 

100—109 

16 

7 

0 59 

0 50 

0 56 

0 40 

110—110 

26 

20 

0 57 

0 58 

0 50 

0 50 

120—129 

14 

20 

0 63 

0 63 

0 51 

0 50 

130—139 

4 

15 

0 64 

0 65 

0 4S 

0 49 

140—149 

12 

10 

0 63 

0 63 

0 44 

044 

150—159 

18 

8 

0 65 

0 65 

1 

0 42 

0 43 

1 

160—169 

16 

14 

! 0 69 

0 67 

0 42 

0 41 

170—179 

1 

16 

12 

0 71 

0 68 

0 41 

I 0 39 

180—189 

2 

13 

0 69 

0 75 

0 38 

0 41 

190—199 


6 


0 77 


0 39 

200—209 


1 


0 71 


0 34 

210—219 







220—229 


1 


0 72 


0 40 
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Table X{6) 

Shoivi7ig frequency distrihidimis of hearl-iveighis mid of heart-sizes (‘ r ’) 
in rats living in sanilaiy and in insanitary conditions 
(Figs 33 and 34) 


Raugo of 

Numbfb of rats 

Range of 
heart-si/e, 
g 

Number 

OF BiTS 

heart weight, g 

Sanitary 

Insanitary 

Sanitary 

Insanitary 




0 20—0 29 

1 


0 30—0 30 


2 

0 30—0 39 

16 

2t 

0 4:0—0 49 

9 

9 

0 40— 0 49 

72 

73 

0 50-0 59 

37 

t 

24 

0 50—0 59 

1 

30 

33 

0 60—0 69 

55 

61 

0 60-0 69 

1 

i ’ 

1 

0 70—0 79 

26 

30 

0 70—0 79 

1 

3 

1 

0 80—0 89 

2 

5 



1 

1 

0 90—0 99 


1 

i 

i 


Totals 

129 

133 


129 

132 

Mean and standard 
error 

0 63 ± 0 03 

0 65 ± 0 09 


0 48 ± 0 008 

0 46 ± 0 006 

standard deviation 
(-) 

0 089 

0 102 


0 086 

0 072 

Co efdcient of vana 
tion 

14 

16 


18 

16 

Difference between 
means 

0 0156 ± 0 0119 


0 0165 ± 0 0099 

Significance 

t = 1 3 , not significant 


t = 1 67 , not significant 
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Effect of inaamtary condition, distinguished by sex 

The mean organ-weights and organ-sizes — the latter calculated from aggregate 
figures and, therefore, approximate — are set out in Table XI which is self- 
explanatory — 

Table XI 


Showing mean xoeight and size (‘ r ’) of organs, distinguished by sex 



MEAK WEIGHT 

, MEAN SIZE (APFPOX) 

1 


S^uuTABy 

Insanitary 

1 

Sanitary 

1 

1 

Insanitary 


1 

I Hales 

1 

Females 

Hales 

Females 

1 

1 

1 Mules 

Females 

Males 

Females 

Body eight, i 

s 

160 

1 

123 

168 

114 1 




1 

Thyroid, rag 

26 3 

1 

18 6 

85 

70 

15 8 

15 1 

1 

! 53 

69 

Heart, g 

0 68 

0 60 

0 68 

0 68 

0 41 

0 49 

0 41 

0 61 

Liver, g 

10 05 

7 29 

10 11 

8 00 

6 04 

6 93 

6 40 

7 02 

Spleen, g 

0 60 

0 61 

0 52 

0 43 

0 36 

0 41 

0 33 

0 38 

Thymus g 

1 0 100 

0 116 

0 124 

0 118 

0 06 1 

0 00 

0 08 

0 10 

Kidneys, g 

1 1 60 

1 33 

166 

1 24 

0 96 * 

1 07 

0 99 

1 09 

Adrenals, g 

j 0 0340 

0 0385 

0 0279 

0 0321 

0 021 

0 031 

0 018 

0 029 

Testes, g 

1 2 17 

! 


2 32 


1 34 


1 45 



Effect of goitre on the heart and other organs 

The size (‘ r ’) of the thyroid gland of rats living in sanitary conditions lay 
between 2> and 11 9 mg per 100 g of body-weight, and between 6 and 27 9 mg in 
those living in insanitary conditions The actual frequency distributions m both 
groups are set out in Table III(6) (Fig 6) Reference to these frequency distri- 
butions will show that 110 out of the 133 ammals in the ‘ insanitarj’- ’ groun had 
thyroid glands whose sizes {‘ r ’) exceeded the maximum size (11 9) in the ‘ sanitary ’ 
group These may be arranged in the ten subdivisions, set out below, according 
to the mcreasmg size of the organ The subdivisions are suggested by the mean 
value and the standard deviation of ‘ r ’ in the ‘ sanitarv ’ group Our previous 
work (McCarrison and Madhava, 1932) has led us to postulate that values in excess 
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Summary of results. 

(1) The goitrogenic potency of cabbage varies with season It appears to be 
related in some way to rainfall , being at its maximum during and after the 
heavy autumn rains, in this locality, and at its minimum during the dry months 
of the year 

(2) Albino rats fed on a diet of cabbage, whole wheat and cTiolam 
{Andiopagan sorghum ) — which was not in itself goitrogenic — became goitrous 
when living under conditions of gross insanitation, but remained goitre-free 
when living under conditions of scrupulous cleanliness 

(3) The existence of a ‘ goitre-noxa of unknown nature, m association with 
msamtary condition has been demonstrated 

(4) The greater the degree of insanitation the larger was the size of the goitres 
produced by it 

(6) The size of the goitres, produced m msamtary conditions, increased with 
increasmg body-weight (and age) 

(6) The effect of msamtary condition is not limited to enlargement of the 
thjnroid gland Associated with the hypertrophy of this organ there is an mcrease 
in size of the adrenal glands and spleen and a reduction in size of the testicles and 
thymus , the heart and kidneys remained unaffected in point of size, while 
the effect on the liver was ihdefinite, withm the period of the experiment 
(120 days) The pituitary body, pancreas and brain were not examined 

(7) The very evident goitre produced by gross insanitation in albino rats, fed 
on a diet of cabbage, whole wheat and cholam, had, within the period of this 
experiment, no correlated effect on the heart nor on any of the other organs 
exammed 
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In previous commumcations from these Laboratories (McCarrison, 1931 , 
McCarrison and Madhava, 1932, 1932ff) an account was given of the goitre-producing 
action of cabbage grown m the Nilgiri Hills It ivas shown that its potency m this 
regard varies with season and appears to be related to lainfall , bemg greater durmg 
and after the monsoon rains and slight or ml during the dry season 

Purpose of the investigation. 

The object of the mvestigation, with which this paper deals, was three-fold 
to produce large, easily palpable, goitres m rabbits by feeding them for long periods 
on an exclusive diet of fresh, raw cabbage , to learn whether the enlargement of the 
thyroid gland so mduced, was associated with any significant change m size of other 
organs of the body , and to ascertain whether any such change was accompamed 
with alterations in the H ion activity of organs exhibitmg it 

The work of Marme et al (1929), as well as our own (1931, 1932), had seemed to 
indicate that the longer the ammals were fed on the cabbage diet the larger the 
resultant goitres would be But the matter did not prove to be so simple as this , 
for seasonal variations in the goitrogemc potency of cabbage came into play and 
were associated with corresponding variations — rise or fall as the case might be — 
in the size of the thyroid gland (McCarrison and Madhava, 1932o) In the present 
investigation a period— October to December 1931— of heavy rainfall and of high 

( 723 ) 
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goitrogenic potency of cabbage was followed by one— January to April 1932— of 
very scanty lainfall and low goitrogenic potency of cabbage , tlic investigation ending 
during the latter period 

Experiments confined to these two periods showed that in the former the 
goitrogenic potency of cabbage was such that it caused an increase in size (‘ r ’) of 
the thyroid gland at the rate of appioximately 10 mg per day, an experiment 
lasting 56 days during this period resulted in the size of the gland being, on 
the average, well ovei 700 mg per kilogram of body-weight On the other 
hand, a similar experiment confined to the second period resulted in the size of 
the gland averaging little more than 100 mg Both these periods were included 
in the present experiment , on its termination the average size of the thyroid 
was found to be 252 mg Presumably, theiefore, a precipitate fall in the size 
of the organ occurred from December, when it was at its highest level, to April 
a process of spontaneous ‘ cure ’ consequent on the low goitrogenic potency of 
the cabbage during the months of January to April But this ‘ cure ’ was 
not complete and the enlargements of the thyroid gland that remained were 
still considerable and of sufficient magmtude foi our purpose 

In another place (McCarrison and Madhava, 1932a, 1933) it has been shown that 
co-existing with the thyroid enlargement caused m albino rats by the ‘ goitre-noxa ’ 
associated with msamtarv condition, there is a significant increase in size of the 
adrenal glands and spleen and a significant diminution in size of the testes and 
thymus It was desired, therefore, to learn whether the thyroid enlargement caused 
by another ‘ goitre-noxa ’ — that present in cabbage during certain seasons of the 
year — ^was associated with similar changes in size of these organs It would appear 
from the results recorded in this paper that it was not , and that although the 
two goitre-producing agencies — msanitary condition and cabbage diet — had a 
similar action on the thyroid gland their action on other organs of the body difiered 

The experiment. 

The experiment was carried out in rabbits It extended ovei a period of 12 
months — from April 1931 to Aprd 1932 The labbits were divided into two groups 
the one being fed on the stock diet of raw cabbage, carrots, bran, sprouted Bengal 
giam (legume), green grass and water , and the other on fresh, raw cabbage and water 
The cabbage given to both groups was obtained from the same source , but that 
given to the second group was always fresh while that given to the first gioup was 
less so It has been noted that if rabbits fed on an exclusive diet of cabbage are 
to maintain their body-weight the cabbage used must be fresh Each animal was 
confined m a separate, screened cage under conditions of scrupulous cleanhness 
During the course of the experiment a few, amongst those fed exclusively on cabbage, 
died. The results here dealt with relate to the 13 survivors and to 10 control 
annuals fed on stock diet, 
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Results of the eKperiment 

The lesults of the ci-perunent are given m Tables I and II wherein the body- 
weights of the animals in the two groups are set out together with the actual weights 
and the sizes (the ‘ r '-values weight pei kilogram of body-weight) of various 
organs of the body In Table III the frequency distributions of the organ-sizes 
(‘ r ’) are shown for the two groups — controls and cabbage-fed 

Table I 


Showing the body-weights and weights of oigans in control and in 
cabbage-fed rabbits 



Number 

to 

0 

>> 

1 

W) 

0 

% 

o 

r3 

3 

(h 

to 

3 

■= 

S 

Thymus v eight, g 

Testes weight, g 

Spleen weight, g 

Liver weight, g 

to 

•4^ 

A 

3 

a 

t2 

Heart weight, g 



■ 

1,700 

115 2 

0 485 

2 63 

162 

0 49 

614 

13 16 

3 72 



2 

1,710 

75 8 

0 39 

0 62 

3 40 

0 75 

68 0 

10 6 

3 85 

tlales 


3 

1,905 

012 

0 40 

132 

5 75 

0 82 

86 0 

16 6 

4 62 



4 

2,000 

104 6 

0 49 

132 

2 84 

0 65 

79 0 

17 2 

4 26 



5 

1,640 

173 2 

0 36 

0 64 

110 

0 45 

65 5 

111 

3 76 



Slean 

1,803 

112 0 

0 43 

131 

3 64 

0 63 

1 

72 0 

13 6 

4 04 



6 

1,380 

101 4 

0 35 

1 10 

■ 

0 40 

49 0 

9 85 

3 10 



7 

1,850 

88 1 

0 49 

1 92 

■ 

0 84 

93 0 

112 

4 90 

Remales 


8 

1,465 

90 4 

0 65 

0 86 

■ 

0 56 

66 6 

10 85 

4 36 



9 

1,695 

50 6 

044 

125 

■ 

0 36 

73 0 

13 2 

4 72 



10 

1,470 

84 3 

0 35 

0 22 

■ 

0 85 

58 0 

12 2 

3 76 



Mean 


83 0 

0 46 

1 07 

■ 

0 60 

67 9 

11 0 

416 

Mean of all control 
rabbits 

1,688 

97 5 

0 44 

1 19 

3 64 

0 616 

69 9 

12 5 

410 

1 
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Table l~concld 



Number 

Body-weight, g 

to 

a 

cT 

a 

03 

'S 

o 

-a 

to 

SP 

if 

'a 

a 

1 

<1 

to 

to 

Pf 

03 

3 

a 

H 

Testes-u eight, g 

to 

o 

ps 

« 

a 

o 

<u 

p< 

CO 

to 

60 

S 

M 

O 

> 

to 

43“ 

s 

f: 

f 

t>, 

o 

P 

3 


i 

f 

11 

1,730 

719 6 

0 65 

0 45 

1 92 

0 52 

102 0 

14 82 

442 


1 


12 

1,636 

354 4 

0 65 

135 

2 65 

0 60 

89 0 

13 65 

4 26 




13 

1,510 

663 2 

0 40 

1 

1 15 

' 6 81 

1 52 

63 7 

14 20 

4 30 




14 

1,486 

249 2 

! 0 31 

0 82 

3 72 

0 62 

1 72 0 

10 74 

3 50 


Males j 















15 

1,705 

400 2 

0 43 

0 85 

3 82 

0 52 

72 0 

1150 

4 26 




16 

1,620 

361 8 

0 75 

0 65 

3 25 

0 67 

79 0 

10 24 

3 27 

• 



17 

1,830 

530 0 

0 55 

0 97 

3 85 

0 45 

94 0 

15 70 

415 










i 

1 




05 


K 

18 

1,810 

584 6 

! 0 35 

1 64 

2 15 

1 0 85 

104 0 

12 25 j 

414 








1 






W 













pq 



Mean 

1,668 

472 9 

0 50 

0 985 

3 38 

0 72 

84 6 

12 89 

4 03 

< 













o 








HHmi 








19 j 

1,710 

315 8 

0 40 

1 38 

■ 

0 70 

57 6 

10 8 

3 66 




20 

1,950 

434 2 

1 

0 53 

I 02 

■ 

0 82 

99 1 

12 4 

4 60 

] 

Females 

1 

21 

1,750 

424 2 

0 34 

0 85 

■ 

1 12 

74 0 

15 5 

4 30 

1 

1 



22 

1,775 

282 4 

0 15 

0 63 

■ 

0 65 

64 0 

113 

3 96 

1 

1 

I 



23 

1,760 

392 8 

i 0 42 

1 15 

1 

0 68 

86 0 

11 85 

4 65 

i 



Mean 

1,789 

369 9 

0 37 

1 01 

1 

0 79 

76 1 

12 4 

4 17 


Mean of all cabbage- 

1,715 

433 3 

0 45 

0 99 

3 38 

0 75 

813 

12 7 

4 09 


fed rabbits 




1 

1 

1 
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TablI! II 


Showing the organ-sizes {‘r’) %n contiol and in cabbage-fed rabbits 



Number 

Body weight, g 

Thyroid size, mg 

Adrenal size, g 

Thvmus size, g 

Testes size, g 

Spleen size, g 

Liver size, g 

Kidnev size, g 

Heart size, g 



1 

1,700 

08 

0 285 

165 

0 95 

0 29 

36 1 

7 7 

2 19 



2 

1,710 

44 

0 228 

0 36 

1 99 

044 

39 8 

62 

2 26 


JIales 

3 

1,905 

47 

0 210 

0 69 

3 02 

0 43 

46 1 

8 1 

2 43 



4 

2,060 

51 

0 238 

0 61 

1 38 

0 31 

38 4 

84 

2 06 



5 

1,040 

106 

0 213 

0 39 

2 50 

0 27 

39 9 

6 8 

2 29 

o 














Mean 

1,803 

63 


0 72 

1 97 

0 36 

39 9 


2 24 

EH 










■II 


!2! 






■■■ 






O 


6 

1,380 

74 

0 253 



0 29 

35 6 

71 

2 26 

O 

( 

7 

1,850 

18 

0 204 



0 46 

60 3 

6 1 

2 64 


Females i 

8 

1,465 

62 

0*444» 



0 37 

45 4 

74 

2 97 



9 

1,695 

30 

0 260 

Bta 


0 21 

431 

78 

2 79 


i 

10 


67 

0 238 

015 

■ 

0 58 

39 6 

83 

2 56 



Mean 

1,572 

54 

0 292 

0 66 

■ 

0 38 

42 8 

D 

2 64 


Mean of all control 

1,688 

58 7 

0 263 

0 69 

1 97 

0 36 

41 3 

■ 

244 


rabbits 









■i 




11 


415 

0 33 

0 26 

1 11 

0 31 


8 56 

2 64 



12 

1,655 

214 

0 33 

0 82 

1 64 

0 36 

63 7 

8 26 

2 26 



13 

1,510 

372 

0 26 

0 76 

3 87 

1 01* 

42 2 


2 84 



14 

1,485 

167 

0 22 

0 57 

2 60 

0 42 

48 5 

7 23 

2 36 


Males 

15 

1,705 

236 

0 25 

0 60 

2 24 

0 30 

39 2 

6 76 

2 49 



16 

1,620 

222 

0 46 

0 40 

2 01 

0 41 

48 8 

6 32 

2 02 



17 

1 830 



0 63 

2 10 

0 25 

514 

8 58 

2 27 


, 

18 

1 810 

321 


0 91 

1 19 

0 47 

57 6 

6 18 

2 28 













O 

< 


Mean 

1,668 

281 

0 30 

0 59 

2 07 

044 

60 0 


2 38 

ft 













r 

19 


184 

0 23 

0 81 

■ 

in 

33 6 

6 32 

2 08 


I 

20 

1,950 

222 

0 27 

0 52 


■IS 

50 8 

6 36 

2 82 


Females J 

21 

1,750 

242 

019 

0 49 



35 4 

8 86 

2 46 


1 

22 

1,775 

160 

0 08* 

0 37 


0 37 

36 1 

6 48 

2 23 


1 

23 

mm 

223 

024 

0 66 

■1 

0 39 

48 9 

6 73 

2 59 



Mean 

1,789 

206 

0 20 

0 67 

■ 

044 

41 0 

6 96 

244 


Mean of all cabbage 

1,715 

252 2 

0 263 

0 58 

2 07 

0 44 

46 5 

mm 

2 40 


fed rabbits 









■ 



* Possible spurious result 
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T^le III 


Showing the fequency distnbution of aigan-sizes i ’) in control and 

in cabhagefed rabbits 


s 

Organ 

Range of 
organ sue ‘ r ’ 

Control 

Cabbage- 

fed 

Organ 

Range of 
organ size ‘ r ’ 

Control 

Cabbage- 

fed 


30—39 g 

6 

4 

► 

0 10—0 39 g 

3 

2 

Liver 

40 — 49 g 

3 

4 


0 40—0 69 g 

3 

7 

i 

' 

50—59 g 

1 

5 

Thymus 

0 70—0 99 g 

2 

4 



HHI^H 



1 00—1 29 g 

1 


/ 

0 0-0 9 g 











\ 

1 30—1 59 g 

1 


Testes ■< 

1 0—1 9 g 


3 













2 0—2 9 g 

1 

4 









r 

30 — 09 Big 

8 


1 

3 0—3 9 g 

1 

1 










70 — 109 mg 

2 



6 0—5 9 g 


B 


110 — 149 mg 




6 0—6 9 g 

3 

6 


160—189 mg 


3 

Kidney 

7 0—7 9 g 

4 

B 

Thyroid ^ 

190—229 mg 


4 


8 0—8 9 g 

3 

B 


230—269 mg 


2 

. 

9 0—9 9 g 


B 


270—309 mg 


1 




B 


310 — 349 mg 


1 


2 00—2 19 g 

2 

o 










350 — 389 mg 


1 


2 20—2 39 g 

3 

5 










390 — 429 mg 


1 

Heart 

2 40—2 59 g 

2 

4 






2 60—2 79 g 

2 











0 20—0 29 g 

4 

1 


2 80—2 99 g 

1 

2 










0 30-0 39 g 

mm 

o 


0 00—0 09 g 


1 


0 40-0 49 g 

m 

5 


0 10—0 19 g 


2 

Spleen ' 

0 50-0 59 g 

B 


Adrenal . • 

0 20—0 29 g 

9 

6 


0 60-0 69 g 

B 

1 


0 30-0 39 g 








0 40 — 0 49 g 

1 

1 


1 00—1 09 g 

1 

1 
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Tlie meau values of ‘ r together with the significance, or want of significance, 
of diflierence in the two groups aie as under — 


Organ 

Controls 

Cabbage fed 

Difference 

Significance 

! 

Thyroid 

587 ± 66 i 

[ 

1 252 2 db 21 6 

193 5 ±22 6 

t = 

8 6 , significant 

Testes 

1 97 

2 07 

1 

0 10 

Not 

signifioant 

Spleen 

0 36 

0 44 

0 08 


if 

Liver 

41 3 

46 6 

62 

*) 

ff 

Adrenals 

0 263 

0 263 

Nil 



Kidneys 

7 4 

73 

0 1 

f> 

tf 

Heart 

2 44 

2 40 

0 04 

if 

ff 

Thymas 

0 69 

0 58 

Oil 

if 

if 


These results are to be anticipated from the frequency distributions of organ- 
sizes (‘ r ’) The distiibutions for all organs, except the thyroid gland, largely 


:i 

6 

5 * ff 

B 
o 

3 ♦ i 

O' 

£ 3 H 
h 

z. 

1 H 
o 


Thyroid 


control 


cabbage fed 


I 


'T 

I 


■T 


T- 


30 70 110 ISO ISO 230 270 310 3S0 3S0 430 

Size “r ’ 


Pig 1 Showing the frequency distribution of thyroid sizes m 
normal, well fed rabbits (control) and m rabbits fed exclusively 
on cabbage 


overlap in the two groups The thyroid distribution shows a high degree of posi- 
tive skevmess, indicative of the occurrence of goitres, in the cabbage-fed animals 
(Fig 1 ) 
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The goitrogenic action of the cabbage diet is thus conclusively demonstrated 
It will be noted that the testes, spleen and liver are slightly larger in the cabbage- 
fed group than in controls , but the excess is not significant The kidneys, heart 
and adienals have almost identical values in the two groups, and such slight 
diheiences as exist are of no significance The thymus tends to be smaller than 
in controls , but here, again, the diminution in its size is not significant 

Possible ‘ spurious values included in these results are those shown in bold 
type in Table II There are two amongst the adrenal-sizes — one large and one 
small value — and one unusually high value amongst the spleen-sizes But even 
when these are excluded the same lack of significance in the difference between 
the two groups is maintained Thus, excludmg the two unusual adrenal-sizes, 
the mean ‘ r ’-values are as follows — 

Controls 0 2432 ± 0 0082 

Cabbage-fed 0 2767 ± 0 0231 

and the difference between them (0 0335 ± 0 0245) is not significant Neverthe- 
less, by the exclusion of these two unusual values the adrenal glands fall into the 
category of organs exhibiting a tendency, though shght and not statistically 
significant, to enlargement in the cabbage-fed animals 

It IS apparent from these results that the goitrogemc agent in cabbage did not 
bring about, within a pend of one year of exposure to it, any statistically sigm- 
ficant change in the weight or size of organs other than the thyroid gland This 
result IS in marked contrast to that observed in rats exposed, for a period of only 
120 days, to the goitrogenic influence of insanitary condition (McCarrison and 
Madhava, 1932a, 1933) , in these animals significant changes in size occurred in the 
adrenal glands, the spleen, the testes and the thymus, as well as m the thyroid 
gland 

It IS obvious, also, that the goitre produced by the goitrogenic agent in 
cabbage did not cause any mcrease in size of the heart ‘goitre-heart’ was not a 
concomitant of ‘ cabbage goitre ’ , nor, as shown m another place (McCarrison 
and Madhava, 1932a), was it a concomitant of the goitres associated with 
insamtary condition 

The results of the experiment are distinguished by sex in Tables I and II , 
it will be noted from them that sex-dififerences were trivial 


H ion activity of the blood and organs. 

Determinations of pH were made by means of the glass-electrode The 
techmcalities relating to the use of this electrode are dealt with in another paper 
in this issue (Sankaran, 1933) The animals were killed by au-embolism, and their 
organs were removed and examined as soon aftei death as possible , organs awaiting 
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therr turn for examination being kept meanwhile in cold storage All examinations 
were completed within 3 hours of the death of the animal Spurious results, 
hable to arise in consequence of post-mortem changes, were thus avoided The 
blood used was withdrawn direct from the heart immediately before death 

Table TV 


Showing the g)H values of blood and oigans in control and in cabbage-fed 

labbits 



Number 

Blood 

Thyroid 

Adrenal 

Thymus 

Testes 

Spleen 

U 

o 

> 

Kidney 

Heart 

Bram 

Pancreas 




1 

7 68 

6 95 

6 80 

6 86 


6 78 

6 76 

6 42 


6 69 

7*26* 




2 

7 61 

6 96 

6 72 

6 82 

6 62 

6 48 

644 

6 65 


6 67 



Males 


3 

7 61 

6 91 

6 68 


6 56 

6 37 

644 

6 66 

6 12 

6 62 





•i 

7 86 

6 86 

6 65 

6 76 

6 69 

6 48 

6 41 

6 48 


6 66 





6 

7 62 

6 86 

6 62 

6 86 

6 62 

6 62 

6 48 

6 28 

6 08 

6 48 


>4 

o 


















Mean 

7 64 

6 91 

6 69 

6 82 

6 67 

6 63 

6 61 

6 46 


6 64 

6 72 

a 















o 



6 

7 68 

7 12* 

6 92 

6 88 

■ 

6 81 

6 62 

6 62 

6 96 

6 67 

6 86 




7 

7 62 

6 91 


6 65 

■ 

6 39 

6 30 

6 48 

6 99 

6 48 

6 66 


Females 


8 

7 67 

6 89 


6 89 

■ 

644 

6 48 

6 52 

6 12 

6 69 

6 62 




9 

7 62 


6 56 

6 62 

H 

6 36 

6 20 

6 28 

6 47 

6 48 





10 

7 61 

6 91 

6 55 

6 82 

1 

6 41 

6 33 

0 33 

5 84 

6 64 





Mean 

7 60 

6 90 

6 66 

6 77 

■ 

6 48 

6 39 

6 46 

6 87 

6 63 

6 71 


Male and female 
together 

7 62 

6 90 

6 68 

6 79 

6 67 

6 60 

6 46 

6 46 

6 96 

664 

6 71 


* Possible spurious result 
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Table IV — cmicld 


Males 


Females 


together 


Number 

Blood j 

O 

H 

£-1 

Adrenal 

05 

3 

a 

j Testes 

3 

o 

o 

U1 

! 

Liver 

fl 

Heart 

Brain 

CO 

a 

«y 

u 

V 

a 

a 

fu 

11 

7 61 

7 00 

6 75 

6 93 

6 75 

b 71 






12 

7 64 

7 00 

6 75 

6 93 

6 65 

6 61 

6 4-4 

6 5*4 

5 84 

6 61 

6 79 

13 

7 64 

7 10 

6 87 


6 75 


6 52 

6 61 

6 90 

6 58 


14 

7 65 

7 05 

6 65 

7 10 

6 79 

6 67 


6 62 

6 96 


718 

15 

7 60 

7 10 

6 74 

7 09 

6 65 

6 51 

6 43 

6 51 

615 

6 78 

7 02 

16 

7 65 

7 05 

6 70 

7 07 

6 68 

6 54 

6 37 

6 32 

6 08 

6 26 

6 66 

17 

7 64 

7 12 

6 65 

6 61 

6 75 

6 51 



6 80 

6 65 

6 78 

18 

7 53 

6 91 

6 73 

7 00 

6 65 

6 48 

6 31 

6 41 

6 73 

6 68 

7 08 

J 

Mean 

7 62 

7 06 

6 73 

6 96 

6 71 

6 59 

6 38 

6 49 

5 02 

6 57 

^92 

__.t 

19 

7 64 

7 00 

6 65 

7 93 

■ 

6 68 

6 36 

6 43 

5 94 

6 65 

o 

o 

20 

7 67 

7 04 

6 69 

7 05 

H 

6 68 

6 37 

6 47 

5 86 


) 

q54 

21 

7 60 

7 03 

6 69 

6 96 

H 

6 35 

6 19 

644 

5 86 

6 51 

^72 

22 

7 64 

7 07 

6 82 

6 47 

H 

6 47 

6 12 

8 47 

6 12 

644 

7 31 

23 

7 60 

7 00 


7 10 

I 

6 44 

6 37 




6 68 

Mean 

7 63 

7 03 

6 73 

710 

1 

6 48 

6 28 

6 42 

5 91 

6 64 

6 83 

sale 

7 62 

7 05 



6 71 




6 92 

6 56 

6 88 
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Table V 

Slioiuing the fiequency distribution of jiH values in contiol 
and cabbage-fed rabbits 


Range of pH value 

Blood 

Control 

Cabbage 

1 

7 60—7 69 

2 

1 

1 

7 00—7 09 

s 

12 

1 

He- 

i 

5 40—5 49 

i 

1 ! 


5 70—5 79 

1 

2 

6 80—6 89 

1 

4 

5 90—6 99 

2 

4 

6 00—0 09 

3 

1 

6 10—0 19 

2 ' 

2 


Range of pH. value 

Thvutis 

i 

1 Pa>oreas 

1 ' 

Testes | 

1 

1 

j Adeenals 

Thyroid 

Control 

Cabbage 

Control 

Cabbage 

Control 

Cabbage 

1 

1 

^ 1 
5 

Cabbage 

Control 

Cabbage 

6 40—6 49 


\ 

\ 1 



1 

1 


] 




6 50—6 59 


t 


2 I 

3 i 


2 i 




6 60—6 69 

2 

1 1 

3 

1 ' 

1 1 

4 


6 



6 70—6 79 

i 1 

1 

1 

3 ! 

1 

4 

1 i 

6 



6 80—6 89 

6 


1 




1 

2 1 



6 90—6 99 


3 





1 

1 


1 

7 00—7 09 

1 

4 


3 


1 

1 



8 

7 10—7 19 


2 


1 





1 * 

4 

7 20—7 29 


i 

1 

1 * 







1 

7 30—7 39 

i 


1 

■ 

i 

i 


- 



1 

i 

7 00—7 99 

i 

1 


mm 

] 

1 

1 

1 


i 



* Possibla Bpanotts result 
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Table Y—concU 


Range of pH value 

Liver 

1 

Kidkbv 

Sri/EEN 

Bbatn 

Control 

Cabbage 

Control 

O 

to 

CS 

c3 

O 1 

Control 

Cabbage 

Control 

Cabbage 

6 10—8 19 

1^1 

! 

^ 1 
" 1 




■ 



8 20—6 29 



2 



■ 


1 

6 30—6 39 


8 

1 

2 

3 

■ 



6 40—6 49 


2 

3 


4 

3 

3 

1 

5 50—6 59 


1 

3 i 


1 

5 

B 

5 

6 60—6 69 



B 



! 2 

■ 

3 

6 70-6 79 

1 

1 


■ 

^B 

1 

1 

1 2 

B 

1 

6 80—6 89 



1 

1 

] 





Thyroid 


0 

7 


u 

s 

a 

3 

cr 

6) 

b< 


6 

5 

4 

3 

Z 

1 

0 


Control 


cabb^c-fed I | 

i i 

I I 



66 67 68 69 7-0 71 72 

pH values 


73 


Pjg 2. ShoTiong frequency distnbution of pH values of the 
thyroid gland m normal, well-fed rabbits (control) and in rabbits fed 
exclusively on cabbage. 
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735 


Testicles 

— — Conti'ol 



Pig 3 Showing frequency diatnbution of pH values 
of the testes in normal, well fed rabbits (control) ond m 
rabbits fed exclusively on cabbage 


The results of the pH determinations are given in Table IV and in frequency 
groups in Table V 

The mean values are as under — 



Controls 

Cabbage fed 

Difference 

Significance 

1 

Blood 

7 62 

7 62 

1 

1 Nil 


2 

Thyroid 

6 90 ± 0 0116 

7 05 ± 0 0125 

0 16 ± 0 0171 

t = 8 8 , significant 

3 

Thymus 

6 79 ± 0 0328 

7 02 ± 0 1069 

0 23 ± 0 1059 

t = 2 2 , not significant 

4 

Pancreas 

6 71 ± 0 0474 

6 88 ± 0 0769 

0 17 ± 0 0893 

t = 1 9 

5 

Adrenal 

6 68 

6 73 

0 06 

1 

1 tf 

6 

Testes 

6 67 ± 0 0220 

6 71 ± 0 0197 

0 14 ± 0 0296 

t — 4 7 , significant 

7 

Bram 

654 

6 66 

0 02 

Not significant 

8 

Spleen 

6 50 

6 56 

0 06 

» ff 

9 

Liver 

6 45 ± 0 0503 

6 34 ± 0 0288 

0 11 ± 0 0580 ^ 

t = 1 9 , not significant 

10 

Kidney 

6 45 

6 46 

0 01 

*> Jf 

11 

Heart 

5 96 

5 92 

0 04 

ff 
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It will be observed from these results that while the mean pH of the blood is 
the same 111 both gioups that of the thyroid, thymus, pancreas, adrenal, testes 
and spleen tends to be higher in the cabbage-fed gioup But the diflerences 
between the two groups are not significant, except in the case of the thyroid 
gland and testes when they aie definitely so Possible ‘ spurious values ’ are 
indicated in bold type in Table IV , their omission docs not, however, effect 
the significance of the results tabulated above 

The results aie distinguished by sex in Table IV , such differences as exist in 
the two sexes are tiivial 

The pH values aie, as a lule, most constant , the co-efficients of variability 
being amongst the lowest on recoid in any biometric investigation in this Labora- 
tory These co-efficients are as follows — 


Organ 

Controls 

Cabbage fed 

Blood 

0 64 per cent 

0 46 per cent 

Thyroid 

0 50 

0 80 

Thymus 

145 „ 

4 07 „ 

Pancreas 

152 „ 

3 71 

Adrenals 

1 71 

1 01 

Testes 

0 67 

0 83 

Brain 

0 6S 

2 02 „ 

Spleen 

2 50 

162 „ 

Liver 

2 47 

163 

Kidney 

! 1 80 yy 

148 

Heart 

3 44 

2 24 „ 

Average 

1 68 per cent 

1 88 per cent 


JB’rom these results it is seen that the only oigans, amongst those examined , 
whose H ion activity is altered to any significant degree by the cabbage diet, are 
the thyioid gland and the testes , in both these oigans the increased alkalinity is 
associated with an inciease in size of the organ — significant in the former but not 
in the latter 
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Relation between size (‘ r ’) and pH of organs 

A partial answer to the question of a possible lelation between ‘ r ’ and pH 
IS afforded by the above results (1) There is no significant difierence m the 
pH values of the thymus, liver, heait, kidney, spleen and adrenal glands m the 
two groups, nor is there any significant difference in their sizes (2) There is a 
significant excess m the pH values of the thyroid and testes in the cabbage-fed 
group, but the increase in size (‘ r ’) associated with the greater alkalimty is signi- 
ficant only in the thyroid The correlation co-efficients between ‘ r ’ and pH 
for the several organs provide the complete answer These co-eJficients are as 
follows — 


Organ 1 

1 

Correlation co offioients 

Correlation 

Heart 

- 0 2562 ± 0 1344 

Ntl 

Liver 

- 0 1876 ± 0 1357 

Nil 

Spleen 

— 0 0024 ± 0 1406 

mi 

i 

Adrenals 

- 0 1166 ± 0 1387 

mi 

Kidnovs 

4- 0 1690 ± 0 1366 

mi 

Thymus 

+ 0 3226 ± 0 1386 

' m 

1 


Summary. 

1 Two groups of rabbits, of approximately the same initial body-weight, 
were employed m this mvestigation , the one (controls) was fed on the stock diet 
in use for rabbits in this Laboratory , the other on an exclusive diet of fresh, raw 
cabbage and water The experiment was contmued for a period of 12 months 

2 On its conclusion the mean weight of the thyroid gland, both sexes taken 
together, was found to be 97 5 mg in controls and 433 3 mg in those fed exclusively 
on cabbage , the mean size of the organ was 68 7 mg per kilogram of body-weight 
in controls and 252 2 mg m those fed exclusively on cabbage The differences 
between the two groups are significant and the goitre-producmg action of cabbage 
IS agam demonstrated 

3 The thyroid enlargement, brought about by the cabbage diet, was not 
associated with any statistically significant change m size of other organs of the 
bodv (testes, spleen, adrenals or thymus) , differing in this respect from the thyroid 
enlargement brought about in albmo rats by insanitary condition The pituitary 
body and pancreas were not examined from this point of view 

4 The H ion activity of the blood was not altered as a result of exclusive 
feedmg on cabbage , nor was that of the adrenal glands, the spleen, the brain, the 
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kidney and the heart The liver tended to be more acid but not to a degree which 
was statistically significant The thyroid, the testes, the pancreas and the thymus 
were moie allcaline but only to a significant degiee in the case of the thyroid gland 
and testes 

5 The thyroid gland was the only organ, amongst those exarmned, in 
which a correlation existed between size and H ion concentration 
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HYDEOGEN ION CONCENTRATION IN THE ORGANS OE 
PIGEONS FED ON POLYNEURITIS-PRODUCING 

DIETS 

BY 

R JIcCARRISON, G SANKARAN and K B MADHAVA =*• 

(From the Nut) itional Research Laboiatoiies, I R F A , Coonooi ) 

[Received for pubbcati^o, September 21, 1932 ] 

Material. 

The inateiial for tins investigation was provided by five groups (I to V) of 21 
pigeons each Groups I and II were fed on well-constituted ‘ Control diets 
Groups III, IV and V on diets deficient in vitamin B Details of these diets are 
as follows — 

A Control diets 

I A diet of mixed gram cliolam (Aud) opaga))- so)ghum), 6 parts, mung 
dhal (Phaseolus mungo), 1 part, ‘)agi (Eleusine coracana), 1 part, 
cambu (Pennisetum typhoideum), 2 parts , water ad libitum 

II A diet of washed, raw, pohshed nee , each bird receiving in addition 

5 g of dhal arhai (Cajanus indicus), 5 drops of cod-liver oil and 10 
drops of orange ]uice, daily These additions weie administered 
artificially every mormng AVater ad libitum 

B Deficient diets 

III A diet of autoclaved mixed grains This diet was of the same 

composition as I, but was autoclaved in an alkabne medium for an 
houx-and-a-half at 130°C Water ad libitum 
rV A diet of the same composition as II but in which the dhal arliar was 
autoclaved The autoclaved dhal, cod-liver oil and orange juice were 
admimstered artificially AVater ad libitum 
V An exclusive diet of the same washed, raw, pohshed nee as that used 
in diets II and IV Water ad libitum 

* The first author is responsible for the expennientdl data, the second for the data of pH deter 
minations and the third for the statistical analysis of these data — B McC 

/ « ( 739 ) 

/ 
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The mean body-weight of the birds (Table I) and the distributions of body- 
weights around the mean w'ere approximately the same m each group The 
pigeons were confined in looinj, scieened cages — three to a cage — under conditions 
of scrupulous cleanliness 

The experiment was carried out during the hot, dry months of the year (March 
to June, 1932) when the rainfall was practically ml The incidence of ben-hen 
columhaium, as opposed to the polgneuntts colvmba^mn (McCarrison, 1928), was, 
accordingly, low Thus, the diet of autoclaved mixed grains was not associated 
in this experiment with the occurrence of typical beri-beri, whereas a diet of the 
same composition gave rise to an incidence of 36 6 pei cent during the North-East 
Monsoon (McCarrison, 1928) Similarly, only one case of typical beri-beri (or 5 
per cent) occurred in Group IV, whereas a diet of the same composition caused 
typical beri-beri in 17 4 per cent of pigeons in Eangoon (Taylor and Thant, 1929) 
Climatic and regional influences play an important part m the causation of true 
beri-beri both m birds, under experimental conditions, and m human beings 

The experiment was continued until all the deficiently-fed birds had died or 
been killed at the onset of polyneuritis A complete post-mortem examination 
of each bird was made as soon after death as possible , the organs being rapidly 
removed, weighed, and transferred to the cold chamber in order to avoid the 
alterations in pH which result from post-mortem changes When all deficiently- 
fed birds had been so dealt with the controls were then examined in the same way 
The blood needed for pH determmations was taken from the wmg vems of the 
living birds All estimations of hydrogen ion concentration were made with the 
Glass-Electrode, details regarding the use of which, and the precautions needed 
in its use, are given in the preceding paper 

Organ-weights and sizes. 

The mean weight of the organs and their proportionate size in the body (‘ r ’= 
weight per 100 g of body-weight) are set out in Table I, together with the average 
number of days of survival of the birds in each group In this and in succeedmg 
Tables (II and III) the birds that were killed (designated ‘ K ’) are separated from 
those that died (designated ‘ D ’) Table I brings into prominence the eflect of 
the deficient diets in causing atrophy of the spleen and testes and hypertrophy 
of the adrenal glands (McCarrison, 1919) The abnormally large weight and size 
(‘ r ’) of the thyroid gland in the group (V) fed exclusively on washed, pobshed rice 
is an unusual finding which will be dealt with in another place 

Results of pH determinations. 

The results of pH determinations are given as mean values in Table II, while 
m Table III the statistical constants for each organ, tissue or fluid exammed are 
set out together with the number of observations made m each case 
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Showing mean pH xuith standaid eiwi, standaid deviation a and 
co-efficient of vanation 


Organ, tissue or 

Group 

or 

Number of 

Mean pH ivitb 


Co efficient of 

iiuid 

sub group 

observations 

standard 

error 


variation 



I 


19 

7 63 

± 

0 01 

0 06 

0 7 



n 


21 

7 66 

± 

0 02 

0 08 

1 0 



m 

K 

G 

7 66 

± 

0 03 

0 06 

08 

Blood 


IV 

K 

4 

7 69 

± 

0 06 

0 09 

1 2 



V 

K 

4 

7 66 

± 

0 07 

0 13 

1 7 



V 

D 

1 

7 69 







m 

D 

1 

7 69 







IV 

D 

4 

7 11 

± 0 27 

0 63 

76 

Pericardial fluid 


V 

K 

1 

7 34 






' 

V 

D 

6 

7 21 

±0 20 

044 

6 1 



I 


15 

6 91 

± 

0 02 

0 08 

1 2 



n 


21 

6 99 

± 

0 01 

0 07 

1 0 



m 

K 

1 

6 82 







m 

D 

2 

7 36 

± 

024 

0 36 

47 

Thyroid 


IV 

K 

4 

6 88 

± 

0 22 

0 46 

66 



rv 

D 

6 

7 09 

± 

0 11 

0 25 

36 



V 

K 

2 

7 33 

± 

0 16 

0 23 

S 1 



V 

D 

6 

6 93 

± 

024 

0 59 

86 



I 


19 

6 87 

± 

0 02 

0 09 

13 



n 


21 

6 86 

± 

0 01 

0 06 

09 



in 

K 

7 

6 17 

± 

0 10 

0 26 

42 



m 

D 

12 

6 64 

± 

0 11 

0 37 

5 7 

Optio lobes 











IV 

K 

6 

6 06 

± 

0 13 

0 31 

6 1 



rv 

D 

13 

6 22 

± 

0 19 

0 68 

10 9 



V 

K 

6 

644 

± 

0 16 

0 37 

68 


■ 

V 

D 

16 

6 66 

± 

0 12 

0 46 

69 
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Table III — could 
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Table III — contd 


Organ, tissue or 
fluid 

Group or 
sub group 

Number of 
observations 

Mean pH with 
standard error 

cr 

Co efflcient of 
variation 



I 


19 

6 69 ± 0 02 

0 09 

14 



n 


21 

6 70 ± 0 02 

0 08 

1 2 



UI 

K 

7 

6 86 ± 0 10 

0 26 

44 



m 

D 

12 

6 20 ± 0 10 

0 34 

6 6 

Cerebrum 










IV 

K 

6 

5 94 ± 0 12 

0 29 

49 



IV 

D 

12 

6 03 ± 0 16 

0 67 

94 



V 

K 

6 

6 22 ± 0 10 

0 26 

41 



V 

D 

16 

6 32 ± 0 12 

0 46 

7 2 



I 


16 

6 61 ±0 02 

0 07 

10 



n 


20 

6 59 ± 0 02 

0 07 

10 



ra 

K 

1 

6 62 



Pancreas 


m 

D 

2 

6 61 ± 0 18 

0 26 

38 



IV 

K 

6 

6 44 ± 0 06 

0 12 

19 



V 

K 

2 

6 67 ± 0 13 

0 18 

28 



V 

D 

7 

6 65 ± 0 11 

0 28 

12 



I 


19 

6 66 ± 0 02 

0 07 

1 1 



n 


21 

6 50 ± 0 02 

0 09 

14 



in 

K 

6 

6 44 ± 0 11 

0 26 

41 



HI 

D 

5 

6 68 ± 0 20 

0 46 

67 

Spleen 










rv 

K 

6 

6 61 ± 0 06 

0 12 

18 



w 

D 

7 

6 68 ± 018 

0 48 

73 



v 

K 

4 

6 69 ± 0 06 

0 12 

19 


■ 

V 

D 

10 

6 62 ± 0 16 

0 46 

7 0 
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Table lll—contd 


Organ, tissue or 
fluid 

Group or 
sub group 

Number of 
observations 

Mean pH mth 
standard error 

O' 

Co efiicient of 
variation 



I 

10 

6 53 ± 0 03 

0 08 

12 



n 

15 

6 55 ± 0 02 

0 07 

1 1 



III D 

1 

6 98 



Testes 









IV K 

1 

6 12 





IV D 

2 

6 46 ± 0 36 

0 51 

79 


1 

V D 

3 

6 89 ± 0 08 

0 14 

20 


f 

I 

19 

6 47 ± 0 02 

0 09 

14 



n 

21 

6 46 ± 0 02 

0 10 

1 5 



in K 

6 

6 20 ± 0 08 

0 19 

3 1 



in D 

8 

6 65 ± 0 12 

0 33 

50 

Adrenals -i 









IV K 

6 

6 31 ± 0 06 

0 16 

25 



IV D 

10 

6 68 ± 0 13 

0 40 

60 



V K 

6 

6 32 ± 0 13 

0 28 

45 



V D 

10 

6 63 ± 0 13 

0 42 

63 



I 

16 

6 41 ±0 03 

0 10 

1 6 



11 

21 

6 37 ± 0 03 

0 15 

24 , 



III K 

1 

6 44 



Kidney ^ 


IV K 

5 

6 41 ± 0 09 

0 19 

30 



rv D 

2 

6 64 ± 0 01 

0 02 

03 



^ V K 

2 

6 15 ± 0 01 

0 01 

0 2 



V D 

6 

6 38 ± 0 18 

0 43 

67 
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Table III — contd 


Organ, ti'^ne or 
tluid 

Group or 
sub group 

Number of 
observations 

Mean pH with 
standard error 

O' 

Co elBcient of 
variation 

/ 

I 


19 

6 39 ± 0 04 

0 16 

26 


II 


21 

6 29 ± 0 03 

0 12 

19 


III 

K 

7 

0 12 ± 0 12 

0 32 

60 


III 

D 

12 

C91 ± 0 09 

0 32 

46 

Heart, auricle 








IV 

K 

4 

6 21 ± 0 04 

0 09 

1 1 


IV 

D 

12 

6 87 ± 0 a 

0 38 

66 


V 

K 

6 

6 66 ± 0 20 

0 60 

76 


V 

D 

16 

7 01 i 0 11 

0 43 

62 


I 


19 

6 23 ± 0 04 

0 16 

26 


II 


21 

6 11 ± 0 03 

0 14 

23 


ni 

K 

7 

6 26 ± 0 14 

0 37 

59 


UI 

D 

11 

6 62 ± 0 13 

0 43 

66 

Heart, ventricle ^ 








IV 

K 

4 

6 90 ± 0 10 

0 20 

36 


IV 

D 

12 

6 32 ± 0 12 

0 43 

6 8 


V 

K 

4 

6 22 ± 0 33 

0 60 

10 6 


V 

D 

13 

6 39 ± 0 14 

0 51 

7 9 


I 


16 

6 08 ± 0 02 

0 10 

1 6 


II 


21 

6 04 ± 0 03 

0 14 

23 


IH 

D 

1 

6 36 



Liver . < 

rv 

K 

5 

6 36 ± 0 12 

0 26 

41 


rv 

D 

2 

6 60 ± 0 02 

0 03 

04 


V 

K 

3 

6 27 ± 0 10 

0 18 

28 


■ 

D 

6 

6 30 + 020 

0*49 

77 
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Table III — concld 


Organ, tissue or 

Group or 

Number of 

Mean pH with 

or 

Co eflScient of 

fluid 

sub group 

observations 

standard error 

variation 



I 


8 

5 83 ± 0 07 

0 19 

33 



n 


4 

6 88 ± 0 14 

0 27 

46 



m 

K 

1 

6 62 





in 

D 

1 

6 72 



Muscle (limb) 


IV 

K 

2 

6 23 ± 0 21 

0 30 

48 



IV 

D 

1 

6 82 





V 

K 

2 

6 77 i 0 33 

0 47 

69 



V 

D 

5 

6 80 ± 0 30 

0 68 

10 0 



I 


8 

6 78 ± 0 14 

0 40 

69 



n 


4 

6 60 ± 0 07 

0 13 

23 



m 

K 

2 

6 52 ± 0 22 

0 31 

48 

Muscle (chest) 


in 

D 

1 

6 68 




rv 

K 

3 

6 16 ± 0 20 

0 34 

56 



IV 

D 

1 

7 00 





V 

K 

2 

6 76 ± 0 45 

0 64 

94 



V 

D 

6 

6 66 ± 0 68 

« 

1 30 

19 3 


pH of normal organs and tissues. 

It will be noted from TablcvS II and III that, with tbe exception of the heart, 
the pH of the organs and tissues of the body is practically the same in the two 
control groups (I and II) These may, therefore, be combined for the purpose 
of ariiving at an estimate of the normal pH The mean values given by this 
combination are shown in the penultimate column of Table II 

The Heart — The pH of the auricle is, as a rule, higher than that of the ventricle 
Diet II tended to produce greater acidity both in the auricles and in the ventricles 
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than Diet I The fieqiiency distiibutions of pH values indicate the extent of these 
tendencies — 


Range o£ pH 

1 

Auricle 

Ventricle 

Diet 1 

I 

Diet 

II 

Diet 

I 

Diet 

II 

6 8 to 

5 89 

! 

1 

1 


1 

0 

59 „ 

6 99 



0 

6 

0 0 ,. 

0 09 1 

1 


1 

4 

4 

0 1 

0 19 

1 

4 

1 

6 

0 2 

6 29 

1 1 

1 

8 

6 

2 

0 1 

6 39 

9 

6 

4 

4 

04 . 

0 49 

1 

5 

4 

3 


05 „ 

6 59 

1 



1 

00 „ 

6 69 

0 




07 „ 

6 79 

1 


1 

1 

1 



The actual limits of pH were as follows — 

Auricle Ventncle 

Group I 6 04 to 6 76 6 86 to 6 48 

„ II 6 12 6 48 6 90 6 37 

It wiU be noted, from Tables II and III, that in both groups the difierence 
between the mean pH values of the auricle and ventricle is approximately the 
same 0 16 m Group I and 0 18 m Group II, with a mean value of 0 17 when both 
groups are taken together But the range of variation m this difference is 
considerable 0 0 to 0 35 , the maximum being reached, or nearly approached, in 
only 4 of the 40 birds examined and the mmunum m only two It seems probable 
that cardiac electrotonus is at its optimum within a relatively narrow range of 
pH and of difference in pH between auricle and ventricle (Ldlie, 1924 , Henri 
Eredericq, 1928) 
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The sensitivity of the heart to differences in composition of the diet is indicated 
by the significantly greater acidity of both auricle and ventricle in birds fed on 
Diet II than in those fed on Diet I 

The Blood — The pH of the blood has a mean value of 7 645 in healthy, well-fed 
pigeons Its range in the two control groups was as follows — 

Group I 7 66 to 7 73 
„ n 7 66 „ 7 79 


It IS the highest and at the same time the least variable of all pH values given 
by the organs and tissues examined (Tables II and III) 

The Thyroid Gland is the most alkaline of all organs of the body Its pH 
ranged between 6 74 and 7 00 in Group I, and between 6 87 to 7 12 in Group II 
The diet on which the latter group was fed tends, therefore, to the production of 
slightly — though not significantly — greater alkalinity in the thyroid gland It 
will be noted also that the thyroid gland was slightly smaller in the latter group 
(‘ r ’-values in Table I) The co-efl&cients of variability of pH values of the thyroid 
are, in both control groups, very low (Table III) 

The Liver is the most acid of the organs examined (the gastro-intestinal tract 
was excluded from this investigation) The range of pH lay between 5 95 and 
6 33 in Group I and between 5 77 and 6 33 in Group II 

Between these two extremes — the thyroid gland on the one hand and the 
liver on the other — come the Pancieas, Spleen and Testes which are more acid 
than the thyroid and less so than the liver though not difiering significantly 
amongst themselves The range of pH values given by these organs in the 
two control groups was as follows — 


Pancreas 

Spleen 

Testes 


Group I 
6 44 to 6 68 
6 48 „ 6 68 
6 41 „ 6 64 


Group II 
6 48 to 6 68 
6 30 „ 6 66 
6 44 „ 6 66 


The co-efficients of variability were, in all, of the same low order 

Next in order of acidity come the Adienal Glands and Kidneys whose pH 
values are of approximately the same order of magnitude The range of these 
values IS also approximately the same — 

Group I Group 11 

Adrenals 6 30 to 6 62 6 16 to 6 62 

Kidneys 6 22 „ 6 59 6 12 „ 6 65 

The co-efficients of variability in pH of both these organs is also low 
(Table III) 

It will be noted that m order of increasing acidity the sequence of the oigans 
IS the same in the two control groups, except that in Group II the testes and spleen 
have changed places (Table II) 
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The Brain of normal pigeons has a mean pH value of 6 8 But it differs, 
within relatively narrow limits, in different parts of the organ that of the optic 
lobes and pons being the highest and that of the ceiebrum the lowest (Tables II 
and III) The variability in pH of any part of the brain is normally slight 

The ranges m pH were as follows — 

Group I Group II 


Optio lobes 

6 65 

to 

70 

6 72 

to 

6 98 

Pons 

6 74 

it 

6 91 

6 68 

fi 

6 98 

Cerebellum 

6 65 

t* 

6 88 

6 66 

99 

6 96 

Cerebrum 

6 55 

ti 

6 89 

6 55 

99 

6 86 


The Peripheral Nerves, as represented by the sciatics are slightly, though 
insigmficantly, less acid than the brain as a whole The variability in pH is slight 
(Table III) The range of pH lay between C 79 and 6 96 in Group I and between 
6 71 and 7 0 in Group II 

The Museles are the most acid of the tissues examined those of flight having 
a higher acidity than those of the lower limbs Then pH is more variable than 
that of the organs generally , its range was as follows — 

Group I Group 11 

Chest musoles 6 61 to 6 96* 6 46 to 6 77 

Limb (lower) 6 68 „ 6 12 6 63 „ 6 12 

pH of organs and tissues in deficientlyfed birds. 

The deficiency common to Diets III, IV and V is one of vitamin Bj In Diet 
III this vitamin was destroyed by autoclaving in an alkaline medium , some des- 
truction of vitamin B 2 , no doubt, also occurred (Chick and Boscoe, 1930) Auto- 
claving of the dhal ai har in Diet IV had similar effects, but m this diet a small amount 
of vitamin Bi was provided by the orange juice DietV was markedly deficient 
in all vitamins as well as in protein and mineral elements 

The general effect of the deficient diets, considered together, was to cause a 
significant increase m acidity of the brain, a significant diminution in acidity of the 
muscles, a slight diminution in acidity of the liver, thyroid and auricle, a tendency 
to increased acidity of other organs and no appreciable change in the blood But 
to this generalization there are exceptions 

Effect of death on pH — It will be noted from Tables II and III that with few 
exct ptions, and these insignificant, the organs and tissues of deficiently-fed birds 
that d da natural death were less acid than those of buds killed at the onset of 
the p ' luitisf In the foimer there is a general tendency for the pH values to 

* o 

I'll'! 
change i 
with the 


lionallv high value (6 96) is excluded 

Uion IS m atnkmg contrast to the increased acidity consequent on post mortem 
rs in the organs and tissues removed from healthy ammals , and m conformity 
le alhalme side which occurs m ‘ fatigued ’ meat (Brochet, 1932) — B McC 
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return to a more normal level , though still to remain more acid or more allcahne, 
as the case might be, than normal Estimations of pH made in birds that have 
died may, therefore, yield misleading results For this reason Groups III, IV 
and V are sub-divided into birds that were killed (K) and those that died (D) , 
conclusions as to the changes in hydrogen ion concentration that are brought 
about by the deficient diets being drawn only from birds killed at the onset of 
polyneuritis 

The Blood — The range of pH was as follows — 

Group III 7 64 to 7 73 
„ IV 7 66 „ 7 76 

„ V 7 37 „ 7 66 

In Groups III and IV the pH of the blood was within normal limits , it was 
below normal in one of the four cases exammed in Group V In this ease a pH 
value of 7 37 was regarded as evidence of acidosis, particularly as it was associated 
with a corresponding increase in acidity of the organs Gigon (1929) has drawn 
attention to the absence of acidosis m avitaminosis Our own observations indicate 
that its absence is the rule, but that exceptional cases do occur in birds fed exclu- 
sively on polished rice 

The PencaVdial Fluid — The number of observations made under this heading 
are few and admit of no conclusions other than that, next to the blood, the peri- 
cardial fluid was the most alkaline of the materials examined 

The Heart — The range of pH of the auricle and ventricle, in birds killed at the 
onset of polyneuritis, was as follows — 

Auricle Ventricle, 

Group rU . 6 95 to 6 89 6 88 to 6 79 

„ IV 6 08 „ 6 28 5 66 „ 616 

„ V 614 „ 7 52 5 77 „ 717 

The mean values (Tables II and III) indicate the significantly greater acidity 
of the ventricle Of the birds examined in Group III the pH of the auricle was 
slightly above normal limits in one and below normal limits in another, but in 
neither to a sigmficant degree , in the remaining five it was withm normal limits 
The ventricle was slightly more acid in two cases, more alkaline in two and normal 
in the reniaimng four Of the 4 birds in Group IV in which both parts of the heart 
were exammed, the auricles were shghtly more acid m one, and the ventricles more 
acid in three, than in the coiresponding control group (II) In Group V the 
auricles were more alkaline than normal in two out of 6 cases , the ventricles more 
acid in two and more alkaline in one*, 

Amongst the 62 deficiently -fed buds there were three typical and three 
atypical cases of beii-beri (McCarrison, i928 , Taylor and Thant, 1929) Of these 
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one was killed at tlio height of the disease , the others died The individual pH 
values were as follows — 


Number of 
bird 

1 

Died or I 
killed 

I 

1 1 

pH 

Difference 

Diagnosis 

j Auricle 

Ventricle 

47 1 

Died 

0 24 

6 77 

0 47 

Atypical ben ben 

6i 

It 

! 6 68 

6 24 

044 

l» 11 

89 

f 

i 

6 79 

6 08 

0 71 

II » 

86 

1 

li 

6 80 

( 

6 65 

131 

Typical ben ben 

88 

II 

6 96 

5 95 

101 

1 

>1 II 

101 

Killed 

8 66 

6 77 

I 

0 78 

II II 


It will he noted that m every case the difference m pH between the auricle and 
ventricle exceeded the normal maximum difference (0 35) and that the excess is 
greatest m cases of typical beri-beri Unfortunately, five of the six cases of 
ben-ben died and, m consequence, the issue is obscured by the changes m pH which 
occur after death though this change may be presumed to effect both parts of fhe 
heart equally But in the remaining case the difference between the two parts of 
the heart is so great as to suggest that a feature of the cardiac condition in true 
ben-ben may be a disturbance in the electrotonic relation between the auricle 
and ventricle In no case of polyneuritis (as distmguished from ben-ben), in which 
the bird was killed at the onset of paralysis, did the diffeience in pH between the 
auricle and ventricle exceed the maximum limit to a significant degree The 
observations here recorded are too few to admit of definite conclusions , but having 
regard to the cardiac manifestations of true ben-ben they are suggestive 

The Thyroid Gland is normally the most aUcahne of all organa of the body 
and the normal range of pH is very bmited Our observations in regard to it are 
relatively few in deficiently-fed buds that were killed But such as they are they 
indicate no change, so far as the diet of autoclaved grams (III) is concerned 
In Group IV the pH ranged between 6 64 and 7 49 as compared with a range of 
from 6 87 to 7 12 m the cotrespondmg control group (II) Only one of the four 
glands examined in this group (IV) gave a pH value which lay outside normal 
limits, and in this case there was a definite increase in alkalinity which was associated 

Jj MR 
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with a slight degree of thyroid enlargement In Group V two glands were 
examined , both were moie alkaline than noimal , one being a hypertrophic and 
the other an atrophic organ In this connexion attention may be drawn to the 
increased alkalinity of the hyperplastic thyroids of rabbits fed exclusively on a 
diet of fresh, raw cabbage (McCarrison el al , 1933) 

The Panoeas — Our observations include only one case, killed at the onset of 
the polyneuritis, in Group III , in this the pH of the pancreas was within normal 
limits Of the 5 (killed) birds examined m Group IV three 5 uelded pH values less 
than normal, while two had values within normal limits The tendency, therefore, 
was for the diet to cause a slight, and insigmficant, increase in acidity of the 
pancreas Two birds fed exclusively on polished rice were killed at the height 
of the polyneuritis , in both the pH of the pancreas was normal 

The Spleen — This organ was examined in six birds of Group III that were 
killed at the onset of polyneuritis in 4 the pH was lower than normal, in one it w'as 
higher, and in the remaining case it was within normal limits Of the 6 birds 
examined in Group IV all had spleens whose pH values were within normal limits 
Four birds examined in Group V had spleens whose pH was normal or so nearly 
so as to be regarded as such 

The Testes — These organs were examined in only one bird which was killed 
at the onset of the polyneuritis (Group IV) The atrophic glands were definitely 
acid 

The Adienal Glands — The hypertrophic organs w^ere definitely acid in 4 out 
of 6 cases in Group III, in one out of 6 cases in Group IV, and in 2 out of 5 cases 
in Group V the remainder having pH values within normal limits or so nearly so as 
to be regarded as normal 

The Biain — Significantly increased acidity of the brain, in all its parts, was 
the rule in dcficiently-fed birds To this rule there was no exception in Groups III 
and IV , but in Group V there were two cases out of 6 in which the pH of the optic 
lobes, pons and cerebellum was normal oi so nearly so as to be regarded as such, 
the cerebrum being but slightly on the acid side The other 4 cases in this group 
conformed to the general rule The range of pH of the different parts of the brain 
was as follows in the three deficiently-fed groups — 



III 

IV 

V 

Optic lobes 

6 84 to 6 69 

5 49 to 6 35 

6 02 to 7 03 

Pons 

5 77 „ 6 62 

5 77 „ 6 48 

6 12 „ 6 82 

Cerebellum 

5 84 „ 6 59 

5 46 „ 6 66 

6 28 „ 6 79 

Cerebrum 

5 57 „ 6 30 

5 49 „ 6 33 

5 88 „ 6 48 
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It IS significant that when one part of the hiam is highly acid the other parts 
are, as a rule, equally so Similarly, when one pait shows little or no departure 
from normal othei parts are affected m a like way Indeed, a high degree of acidity 
of any organ or an unusual tendency to alkalinity was usually reflected in other 
organs of the body Fiom these figures, and those given in Tables II and III, it 
IS evident that Diet IV tended to cause greater aciditv of the brain than either 
Diet III or Diet V , the least acidity being pioduced by the exclusive diet 
of washed, polished rice (Y) Statistically speaking, however, the differences 
between the three sroups are not significant There is a greater degree of 
variability in pH of the different parts of the brain — as there is m all organs of 
the bodv — in the deficieiitlj -fed than in the well-fed buds 

The Penj)he)al Nerves, as represented by the sciatics, were slightlv more acid 
m 3 out of 6 cases examined in Group III, slightly more alkaline in 1, and normal 
111 the other two One out of 5 examined m Group IV was slightly more acid than 
normal , the other 4 were normal or so nearly so as to be regarded as such Two 
out of 6 in Group V were more alkaline than normal , the remaining 4 were normal 
In the one case of true ben-ben which was killed at the height of the disease the 
pH of the sciatic nerves was normal (6 76) , that of the pons and optic lobes was 
6 28 , that of the cerebellum 6 48 , and that of the cerebrum 5 92 The pH of the 
sciatic nerves was estimated in 17 birds which were killed at the height of polj''- 
neuntis In only 4 of these w'as it less than 6 76 — the lowest normal value — and 
in none of them was this change of significant degree On the other hand, the pH 
of these nerves exceeded the normal maximum (7 0) in 4 cases out of the 17, but 
here again the change was not significant The ranges of pH in the 3 deficientlj - 
fed groups were as follows — 

pH of aciatic nerfes 
Group ni 6 52 to 7 17 

„ IV 6 62 „ 7 04 

„ V 6 76 „ 7 49 

The Mu’icles — An outstanding effect of the deficient diets was a sigmficant 
diminution in acidity of the muscles pH estimations were made in seven birds 
that were killed at the onset of the polj neuritis In all but one the pH values, 
both of the chest and limb muscles were considerably higher than the normal 
maximum , the range for the muscles of flight Iving between 5 77 and 7 20 and for 
those of the lower limbs between 6 02 and 7 10 

Summary. 

An account is given of the results of pH determinations in healthy, well-fed 
pigeons and in pigeons fed on diets of which the dominant deficiency was one of 
vitamin Bi The outstanding results of the investigation were the demonstration 
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of the increased acidity of different paits of the brain, the diminished acidity of 
the skeletal muscles and livei, the tendency to disturbance of the electrotomc 
relations of the auricle and ventricle of the heart and the slight tendency to 
increased acidity of certain organs, in the deficiently- fed birds 
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Introduction 

In the course of his classical work on the transmission of malaria by mosquitoes, 
1895 to 1899, Sir Ronald Ross came across certain deeply pigmented cyst-like 
bodies, deep brown or black in colour, in the mid-gut of infected Culex mosquitoes 
These worried him considerably, as at first he thought that they might be some 
essential phase m the sporogony cycle of the malaiia parasite, or — alternatively — 
malaria oocysts themselves parasitized by some other protozoon parasite Later, 
however, he came across the same forms in non-mfected mosquitoes, and, although 
still uncertain as to the true nature of these ‘ black spores ’, decided that they 
constituted no essential part of the sporogony cycle His first mention of them 
appears to have been in his ‘ Report on Kala-azar ’ (Government Press, Calcutta, 
January 1899), but several references to the matter are given in his ‘ Memoirs ’ 
(Ross, 1923) Drawings of these black spores are given by Ross (1905, 1923), but 
the first detailed account of them (not accompanied by any illustration) appears to 
have been that given by Darnels (1900) in reporting on Ross’s work to the Royal 
Society 
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From that date to this these so-called ‘ black spores ’ have constituted a 
veritable riddle of the Sphinx to malariologists, and many and diverse views as to 
their nature have been put foiwaid Grassi (1901), in his monograph on malaria, 
appears to have been the first to publish illustrations of them, w^hilst the whole 
subject has been exhaustively reviewed with full illustrations and an extensive 
bibliography in a recent paper by Bruce Mayne (1929) 

During work on the transmission of malaria undei different conditions of 
atmospheric temperature and humidity which has extended over the past year we 
have not infrequently come across these black spores m infected Aoioplieles 
stepJiensi, and an account of our own findings will be given latei A study of our 
own mateiial, a thorough study of Bruce Mayne’s paper and of the hterature to 
which he refers, lead us to the conclusion that no less than three, if not four, 
difieient structures have been described as ‘ black spores ’ oi ‘ chitin corpuscles ’ 
by different workers These ai e — 

(^) True malaria oocysts which have undergone degeneration, and in which 
a very heavy deposition of pigment has occurred These, alone, we believe to be 
the true ‘ black spores ’ of Ross 

(ti) A hyper-chitinizatiou of segment-like portions of the finei ramifications 
of the tracheal system around the mid-gut and internal viscera , these, we believe, 
are what Bruce Mayne has chiefly encountered 
[lit) Fungus infections of the tracheal system 

(iv) Infections oi the mosquito tissues concerned with microspondian 
parasites, which are well known to be common parasites of mosquitoes Such 
infections, with their very refiingent spores and polar capsules, however, in no 
way resemble the true ‘ black spoies ’ 

Bruce Mayne’s paper is so exhaustive that its publication here precludes us 
from attempting a similai histoiical survey of the literature, as it would be 
superfluous On the other hand his conclusions are very definite They are as 
follows — 

‘ (a) The ‘ black spoies ” oriemally described by Ross are not parasites, nor 
are they any stage in the development of the malaria parasite in the moscjuito 
‘ (b) The hypothesis of Grassi and other workers that these bodies are concerned 
v/ith “ regression or involution ” processes of the oocyst is not confirmed, nor that 
lowered temperatures favour the production of these bodies 

‘ (c) The “ black spoies ” have been found during experiments with avian 
malaria in uninfected mosquitoes as well as in mosquitoes harbouring the parasites 
of malaria 

‘ (d) In adchtion, the “ black spores ” have been observed in the followmg 
insects, undemably unassociated with malaria — 

(1) In freshly-emerged, unfed, laboratory-bred females and males of 
Anopheles and Culex 
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(2) In house-flies, Musca sp 

‘ (e) The “ black spores ” have been found to react to the test for chitin 
‘ (/) Most, if not all, “ black spores ” appear to be chitinogenous thickenings 
of tracheal tubes This conclusion forms a rational and simple explanation of 
the various types of the bodies described ’ 

At first sight Bruce Mavnc’s conclusions seem to be very well founded, but 
further study of the subject leads us to believe that he has been dealing only witb 
structures (m) above — hypei-cliitimzation of segment-like portions of the finer 
ramifications of the tiacheal system around the mid-gut and viscera If this be so, 
then lus conclusions apply automatically, but they do not apply to the true ‘ black 
spores ’ of Ross and Grassi 

Bruce Mavne’s paper is illustrated by four half-tone plates, of which the first 
two are mainlv reproductions of drawings by previous workers of ‘ black spores ’, 
and the last two are photo-micrographs from his own preparations In the letter- 
press to these illustrations he frequently appends a note showing how the appearance 
figured fits in w'lth what one may term his tracheal hypothesis On the other hand, 
we believe that if the three, or four, different types of structures above described 
have been muddled up together under the title ‘ black spores explanations other 
than those given by Bruce Mayne are possible For convenience’ sake we have 
here reproduced Bruce Jla} ne’s four plates as Plates XXVII and XXVIII of the 
present paper, photographically reduced m size We may offer brief comments 
on the different figures concerned 


Plvte XXVII 

Fjg 1 Copied from Ross (1923) Capsule of an empty zygote contauung ‘ black spores ’ Bruce 
Jlayne remarks, ‘ These structures are strikingly similar to traohese Two are shown 
Avith taimdia hke lines within dark lined tubular forms , one appears as a continuous 
unjointed tube with a black core running throughout its length , and an incbvidual rounded 
body mav be interpreted as the visible end of a chitimzed tracheal tube ’ What stnkes 
us about the illustration, however, is the definite but crumpled thin investing membrane 
of the oocyst around the whole structure It appears to be a ivnnkled malana oocyst 
contaimng residual pigmentary masses of tubular form 
Fig 2 After Grassi (1901) Brown bodies found unattached in the coelomic cavity of an anopheline 
mosqmto infected 13 days Bruce Mayne regards these as ‘ fragments of the trachese 
detached m the process of dissection ’ We consider, however, that such an appearance 
would result from the extrusion of pigmented bodies such as those in Fig 1 on rupture 
of the oocyst on dissection They show no tracheal stnation 
Fig 3 After Grassi (1901) Capsule of an ooeyst of P fakiparum contaimng typical ‘ brown 

bodies ’ Bruce Mayne states, ‘ In some of these forms — (banana hke bodies) one 

can detect spu-al fines very suggestive of portions of tracheal tubes The two rounded 
bodies may be cross sections of exposed ends of tracheae which have penetrated the 
oocyst ’ What mterests us is the presence of a very clearly defined thin investmg oocyst 
membrane whatever the structures are, here thej are clearly within the oocyst Tra 
cheal ramifications spread into and enter almost every tissue of the mosquito, but why 
they should penetrate into the interior of a parasitic oocyst is not clear 
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Pig 4 After Walcli (1922), who ‘ considera this the complete enveloping of a hypomj^cete in a heavy 
chitinous covering on the mosqmto’s gut The separated forma he refers to as chitimzed 
mycelium ’ Bruce Mayiio remarks, ‘ I have observed quite a similar appearance in a 
bifid branched tracheal tube having a transparent envelope formed about a dense chitinous 
mterior ’ To us, at least, it appears that the structure illustrated in Pig 4 bears no resem 
blance at all to the black spores of Ross and Grossi as illustrated in Pigs 1 and 3 It may 
be a fungoid infection of the tracheal system 

Figs 5 and 6 After Walch (1922) Broivn curved bodies from the region of the salivary gland and 
oocyst on the gut Pound by him to be mainly clutinous Bruce Mayne passes no obser 
vation We consider that Pig 5 in no way resembles the true ‘ black spores ’ as illustrated 
in Pigs 1 and 3 

Pig 7 After Ruge (1903) ‘ A mass of “ Ross’s spores ” on the gut wall of Culex pipiens 

supposed to be developed from sporozoites ’ Bruce Mayne offers no comment on tins 
figure It IS obviously a feltwork of some sort, but whether of mycelium or of hyper- 
chitinized trachete it is impossible to say 

Pig 8 After Ruge (1903) From gut wall of an infected Gu/ea pipieiw Bruce Mayne says that the 
structures are ‘ distinctly tubular and very suggestive of sections of torn tracbeie ’ In 
our opimon they closely resemble the foims in Pig 2, which ue interpret es pigmented 
masses extruded from a ruptured oocyst 

Fig 9 After Wenyon (1926) 

No 1 Oocyst and black spores in A maculipcniui infected with P viiax Preparation 
of Colonel S P James 

No 2 Isolated ‘ black spores ’ from an anopheline Preparation of Colonel S P James 

No 3 ‘ Black spores ’ from a Macedoman mosquito infected u ith P /alctparam Prepaia- 

tion by Dr C M Wenyon 

With regard to these three Bruce Mayne remarks, ‘ The general tubular structure in most 
of the forms shovra is noteuorthj Their affimty to tracheal tubes is quite suggestive 
They are said to be probably the result of the death and degeneration of the oocyst con- 
tents, the mosquito depositing chitinous material in them ’ To our mmd this is a much 
more reasonable interpretation tlian Bruce Mayne’s Pig 9 (1) very clearly shows the 
dehcate investing cell membrane of tlie oocyst, so that the boches are here certainly within 
the oocyst , Pigs 9 (2) and 9 (3) we interpret as pigmented masses liberated on ruptures 
of the degenerated oocyst 

Pig 10 After Ross (1905) Described as a zygote of the 6th day and later The five forms in 
the sketch ore interpreted as ‘ black spores ’ Bruce Mayne remarks, ‘ The hollow 
tubular like structure is quite distinct , their resemblance to stranded portions of tracheal 
tubes IS suggestive ’ Diagrammatic as the drawing is, ivhat interests us is the presence 
of the clear cut thin investing oocyst membrane, and the situation in which the bodies 
were found 

Fig 11 After Bruce Mayne (1929) ‘ Photo micrograph Portion of gut wall of Cnlex faltgana 

A field of the tracheal system showing typical clumping Similar clumps commonly 
form masses of black spores ’ With this last statement we entirely disagree 

Pig 12 After Brug (1916) ‘Thought to be an aggregation of “ black spores" formed from the 
wri nklin g of the cyst wall of an oocyst and subsequentlv becoming chitinized ’ ‘ The 

resemblance to trachen is very striking ’, writes Bruce Mayne This may be the case, 
but, m our opinion, the resemblance to the true ‘ black spores ’ as illustrated in Pigs 1, 3 
and 9 (1) is so remote as to be unreal 

Fig 12a After Brug (1916) ‘ A group of “ black spores ” or “ chitm corpuscles ’’ on the gut wall of a 

Gulex pipiens infected with P preecox At (6) an association of the chitmized structures 
with the trache® is indicated ’ We can offer no opimon on the structures figured , they 
have but httle resemblance to the true ‘ black spores ’ and may bo torn elements of 
trachem from a dissection 
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Platk XXVIII [After Bruce Mayne (1929) ] 

In Plate XXVIII wo have tried to reproduce in one plate the five very fine photo micrographs 
and one camera lueida drawing illustrating Bruce Mayne’s paper Unfortunately they have suffered 
somewhat in reduetiou photographically 

Fig 13 ‘ Photo micrograph of mass of ‘‘ hlack spores ” on gut wall of Culcx fatigans infected with 

avian plasmodia These bodies were found to measure actually the same length (10 
to 12 5 microns) as the sporozoites expressed from the same specimen of mosquito ’ 
(In our opinion this finding would tend to show that the forms depicted are of parqsitic 
rather than of mosquito ongin ) 

Fig 14 ‘Photomicrograph Gut wall of Gu/ec/atijaiis, 10 th daj following infective bite Dissected 
specimen unstained, mounted in formahu There are two free masses of chitin bodies, 
a group of three in a half grown oocyst, and an oocyst in the segmenting stage measunng 
30 microns On the capsule of the latter appears the broken end of a tracheal tube 
This was found to measure 10 microns, the same as many of the “ black spores ” shoivn m 
the two masses ’ 

This 13 one of the most interesting of Bruce Mayne’s illustrations We confess that we 
find it difficult to mterpret the two large dense masses of chitin in the lower part of the 
photo micrograph as clusters of ‘ black spores ’ The close application of the tracheal 
tube to the lateral aspect of the oocyst is very clearly shown but it is difiScult to agree 
that its broken off end, mcasurmg 10 microns, resembles a ‘ black spore ’ 

Fig 15 ‘ Photo micrograph Thoracic muscle close to salivary glands of Culex faligans Here were 

found three lines of “ black spores ” and those illustrated give one the impression that they 
resemble the forms which Walch speculatively regards as “ migratory sporozoites which 
have undergone ohitinization while wandering through the body tissue ” The black 
spores figured measured 10 to 15 nucrons ’ 

It IS difficult to interpret the appearances shown The forms depicted certainlv suggest 
parasitic forms worthing their way along the fascial planes between the muscle fibres 
On the whole we consider that Waloh’s ‘ speculative hypothesis ’ is that most likely to be 
correet 

Fig 16 ‘ Photo micrograph Thorax of A subpictus showing dark brown bodies in and near a large 

trachea Careful focussmg revealed all but four of them surrounded by the tsenidial 
envelope of the trachea These “ black spores ” measured about 10 microns ’ 

Whatever is shown in Fig 16, it bears but little resemblance to the true ‘ black spores ’ as 
depicted m Plate XXVII, figs 1, 3 and 9 (1) 

Fig 17 ‘ Photo micrograph A field on the gut wall of a severely infected Culex fatigans shoivn in 

the same focus, the dorsal aspect In this view there are 12 typical “ black spores ”, six 
in the same foeus, the remainder lost to view Those clearly shown appear in the mass of 
tangled tracheae which are apparently super imposed They seem to have no direct 
connection with the gut wall tissue, which in other regions is invaded by numerous oocysts, 
the capsules of which were very prominent On the muscular gut wall of this mosquito, 
the tracheal system appears unusually well supphed with tracheal tubes which give the 
impression of concentration in the area selected for illustration ’ 

Whatever the structures figured are, they are certainly chitinous and of tracheal origm 
We doubt, however, whether they correspond to the true ‘ black spores ’ of Ross What 
appears to be a very deeply pigmented malaria oocyst is shown in the upper left hand part 
of the illustration 

Fig 18 ‘ Camera lucida drawing From the gut wall of an umnfeoted (wild) A subptclus There 

are shown several branched tracheal tubes mergmg into tracheoles with a small and a 
large ‘‘ black spore ”, their sizes hmited by the varymg diameter of the single tracheal 
tube in which apparently the chitin bodies were deposited In the tube of smaller cahbre 
there were no tiemdia visible, whilst the deposition of the chitinous mass at the wider 
portion seemed to have ohhterated the spmal markmgs of the trachea The larger “ black 
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sporo ”, measuring 20 microns long by 2 3 microns m uidth, is typical m form and appear- 
ance to the majority of similar bodies observed in the course of these studies ’ 

We admit, at once that Pig 18 very conclusively proves that the structures studied and 
described by Bruce Mayne are chitinous m character, and almost certainly originate from 
the chitmogenous cells of the inner lining of the finer tracheal ramifications The question 
at issue, however, is whether these structures described by Bruce Mayne are or are not the 
‘ black spores ’ of Ross and the synonymous ‘ brown bodies ’ of Grassi In view of the 
exhaustive character of Bruce Mayne’s paper it may seem piesumptuous to doubt this, 
but the evidence m Inch wo have to put forward is very strongly opposed to his views 

In order to avoid duplicating the review of the pievious literatuie by Bruce 
Mayne, we have tried to condense the Auews previously put forwaid by different 
workers and analysed by Bruce Mayne in tabular form in Table I, taken for the 
most part from Bruce Mayne (1929), though the original papers have also been 
studied in nearly every instance 

"We believe that a study of Table I and of Plates XXVII and XXVIII will 
convince any unprejudiced workei that at least two, if not three, different 
structures of different origin have been included by different workers under the 
term ‘ the black spores of Boss ’ 

Oui own obseivaiions 

All, or almost all, previous observers on the subject have described what they 
have seen in dissections Our work differs fiom theirs in that we have lelied 
entiiely upon section cutting of infected anophelines The study of ‘ black spores ’ 
was not the primary object of oiii investigation, which was to try to determine the 
limits of atmospheric temperature and humidity within which malaria- transmission 
takes place From tune to time black spores were observed m these mosquitoes , 
in each instance rough sketches were made at the tune, and the slides marked and 
laid aside for more detailed study later on Later, these slides were very carefully 
studied, more accurate drawings made, and photo-micrographs taken The mos- 
quitoes used throughout were female Anopheles stephensi Liston, bred out in the 
laboratory from larv® collected in Calcutta city from water-tanks, etc , and they 
were fed upon patients showing the gametocytes of P vivax, P malancB and 
P falcipa)uvi respectively, as also upon one patient with black-water fever who 
failed to show malaria parasites 

A few notes as to technique may here be given — 

Freshly lulled mosquitoes were fixed in Bles’ fluid After six hours’ immersion in the fixative, 
the wings and legs are cut off with a fine pair of scissors and a small incision is made at the end of the 
abdomen with a sharp scalpel to facilitate penetration of the fixative 

After fixation the body of the insect is washed twice in 70 per cent alcohol, and then brought 
through the ascending grades of alcohol, one day in each, to absolute alcohol It is then transferied 
to thin celloidin solution — 3 g of desiccated celloidin chips in 100 c c of clove oil Ordinarily 
this mixture takes a month for complete solution, but if the celloidin chips be thoroughly ground 
into powder in a pestle and mortar before adding to the clove oil, solution is complete within 
a week 
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From tluii colloidm the insect is transferred to thick celloidin, 8 to 10 per cent, and left there for 
1 J to 24 liours It IS then transferred to a paraffined cover slip and arranged in position The cover 
slip 13 ne\t floated on chloroform in a natch glass until the celloidin embedded insect falls off The 
latter is then trinsfcrrcd to chloroform in a specimen tube — two changes m 24 hours Paraffin is 
added to the chloroform to saturation for 24 hours, and saturation assured by placing on a water bath 
at 60°C for an hour or less The final embedding is in paraffin in the ordinary manner Sections are 
out at 4 to 5 microns on a sliding microtome, and the ribbons mounted on glass slides coated with 
Slayer’s albumin fi\ati\ c 

Sections were stained for an hour or more in diluted well ripened Delafield’s hiematovvlin, and 
decolorized in V per cent picric acid in 50 per cent alcohol followed bv soaking in 70 per cent alcohol 
until all \ellow colour had disappeared from the tissue They were counterstained for two minutes 
in alcoholic eosin Sections stained bj Slallory’s chloride of iron hrematowlin stain or Heidenhain’s 
iron hannatoxylin method also give e\eellent results 


Incidence of ‘ hlnck spores ’ 

In all, nine experimental feeds with different batches of mosquitoes on different 
patients are concerned Details are given in Table II 

It will be seen from Table II that no black spores were seen in connection with 
P vivax infections It will be seen here, however, that the malaria infection 
rate in the mosquitoes concerned was very low, only 12 out of 141 showing gut 
infection, or 8 5 per cent In other words, m experiments 1, 2 and 3 we have a 
low oocyst infection rate associated with an absence of black spores 

In experiments 4 and 5 with P malartce the oocyst infection late is much 
higher, 38 positive out of 158 sectioned, or 24 0 per cent This is associated 
with the presence of degenerated and pigmented oocysts, or ‘ black spores ’ 

In experiments 6, 7 and 8 with P falciparum, the oocyst rate is again high, 44 
out of 309 or 14 2 pei cent or, if only experiments 6 and 7 be considered, 39 out 
of 77, an oocyst rate of 50 6 per cent Here again the presence of degenerated 
black oocysts with a high oocyst rate is evident 

We have sectioned several normal unfed female A stepkensi as contiols to 
these fed mosquitoes, chiefly in order to have uninfected controls showing the 
normal anatomy of unmfected mosquitoes m sections for comparison In none of 
these have we seen any appearance resembling the ‘ black spores ’ of Eoss In 
connection with work on the transmission of dengue, the mid-gut and salivary 
glands of 366 Aedes aegyph were examined either by dissection or section-cutting 
between August 1927 and November 1929 Some of these were adults captured 
m dengue-infected houses, others were bred out m the laboratory and fed on dengue 
patients In no instance were black spores encountered »Spiroch®tes, which 
were especially being looked for, were also not seen, except m one whose out 
swarmed with spirochsetes 

Column 5 of Table II shows that degenerated black ooevsts and normal oocysts 
going on to sporozoite formation are frequently present in the mid-gut of the same 
mosqmto simultaneously 
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We couclude from Table II that the ‘ black spores of Ross oi at least 
degenerated and densely pigmented oocysts are found only m mosquitoes m which 
malaria infection is present 

Relatioiiihij} to almosjdienc humidity and temyici ature 

The mosquitoes -conceined in these e\pciiments were divided into three main 
batches (i) one batch was kept in an air conditioning cabinet* under Calcutta 
monsoon conditions for the period from the middle of June to the middle of 
Septembei, i e , with the wet bulb thermometer constantly at 79 5°F and the 
dr} bulb constantly at 83 5°F , [li) a second batch was kept under Calcutta post- 
monsoon conditions for the period from the middle of September to the end of 
November — wet bulb tlieimometer 73°F , dr} bulb 78°F , (iii) the third batch 
was divided between the refrigerator room — 38° to 48°F , the 22°C (72°F ) cool 
incubator, the cool loom (68° to 84°F ), the 27°C (81°F ), cool incubator, and 
room temperature The relative humidities in this third set of experiments 
varied between 8 and 100 per cent 

Results with batches (i) and (m) are given in Table III 
It will be seen from Table III that the highest incidence of black spores occurred 
in mosquitoes fed on patients showing the gametocytes of P falciparum and kept 
under monsoon conditions 

Details need not be given in tabular form for batch (iii) In all 333 
A stephensi were used, and 112 of them finally sectioned As far as possible the 
relative humidities were set for each temperature at 8, 15, 35, 55, 75 and 100 per 
cent — Buxton’s method of control of relative humidity by putting the insects in 
closed desiccators over different strengths of pure sulphuric acid being adopted In 
no single instance were black spores encountered This method of controlling 
relative humidity, however, appears to be unfavourable to the development 
of the malaria sporogony cycle 


Description 

Plate XXIX shows the appearance of these degenerated and black oocysts 
as seen in sections of the gut-wall of infected mosquitoes In each instance a rough 
sketch of the appearances seen was made at the time of finding them, and the slide 
was kept for future study Later, when the collection was complete, more accuiate 
drawmgs were made from all the shdes concerned, and the 20 figures in Plate XXIX 
have been selected from a much larger number of drawings as bemg typical of the 
. « 

♦ A description of this cabinet, made by Jhe Air Conditiomng Corporation of Calcutta, is given 
in the Report of the Direotoi m the Annual Report of the Calcutta School of Tropical Medicine for the 
year 1931, p 17 

J, MR 
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appeaiances seen Details are given in the letterpress to the plate The figures 
have been arranged in serial order in order to show what we believe to be the gradual 
changes in these degenerated and black oocysts 

Plate XXX consists of a set of untouched photo-micrographs from the same 
set of slides These are selected as those which show the changes most clearly 
and as being those most suitable for photogiaphic reproduction from amongst a 
much larger series 

These degenerated oocysts were seen only m the mid-gut of infected mosquitoes, 
and chiefly towards the hinder end of the mid-gut Most of them were found 
embedded within the epithelial layer of the mid-gut, a few were found partially 
bulging out into the hcematocoelic cavity 

In a single mosquito there may be found — 

(i) Only a few completely degenerated oocysts towards the hinder end of 

the mid-giit 

(ii) Partially degenerated oocysts, with or without (^) 

{ill) Findings (i) or (ii) associated with perfectly healthy oocysts showing 
sporo/oitc formation 

The number of these degenerated oocysts encountered in a single mosquito 
varied from 1 to 16 Twenty-seven of these degenerated oocysts were measured , 
their diameter varied from 9 to 16 2 microns, whereas that of the normally developed 
oocyst of medium development was from 10 to 40 microns The degenerated 
oocysts are therefore smaller than normal 

Plates XXIX and XXX show what we belie\ e to be the process of degeneration 
and pigmentation in these oocysts Throughout the whole process it will be seen 
that the delicate investing cell membrane of the oocyst is retained intact It 
appears to us clear from Plates XXIX and XXX that the pigment is derived from 
the parasite and not from the mosquito The pigment is at first laid down in the 
form of small chunks and rounded bodies As these coalesce and more and more 
pigment is laid down the pigmented masses within the oocyst tend to show banana- 
shaped, comma-shaped, and oval-shaped forms Finally, when the oocyst has 
completely degenerated, it is a rounded to o-val structure, stiU showing the delicate 
investing cell membrane of the oocyst, but completely filled with black pigment 
The pigment throughout, in stamed sections, is brown-black to ]et-black in 
colour Cysts at all stages of degeneration and pigmentation may be found, as 
illustrated in Plates XXIX and XXX 

The characteristic shapes of these pigmented masses remains to be explained 
It will be remembered that in the development of the malaria oocyst no true 
sporoblasts or sporocysts are formed Instead there is an increasing vacuolation 
of the cytoplasm of the oocyst untd its mternal structure becomes sponge-hke in 
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cliaracter As the spoiozoites form they are produced in faggot-like bundles It 
seems likely that this arrangement in faggot-lilce bundles may be due to the forma- 
tion within the oocyst of veiy delicate septa breaking up the interior into loculi, 
within each of which loculi a bundle of spoiozoites lyuig paiallel is produced 
Should the pigmental y degeneiation be confined to one such loculus, or nne such 
bundle of spoio/joites, the banana-shaped, sausage-shaped, and rounded pigmentary 
masses would be accounted for 

‘ Black spoies ’ ljung fiee in the coelomic cavity, oi in the thoracic muscle or 
around the salivary glands or elsewhere — such as are illustrated in Plate XXVII, 
figs 2 and 9 (2), (3) — we believe to be the result of rupture of degenerated and 
pigmented oocysts in dissection Indeed such rupture of degenerated and pig- 
mented oocysts might occur in Nature and this would scatter the pigmented masses 
into the coelomic cavity and elsewhere 

Although we have at present seen no evidence of chitin m our sections, it 
seems likely that degenerated oocysts and degenerated pigmentaiy masses set 
free into the tissues of the mosqmto might later act as foreign bodies and 
become ohitimzed Thus Walch (1922) quotes Fulleborn as having observed 
a filarial larva surrounded by a chitinous envelope m the thoracic muscles 
of a mosquito, and compares this process to chitinization of the ‘ black 
spores ’ Manson-Bahi (1925, p 514) figures such a chitimzed filarial larva 
It appears to be the rule in insects that foreign bodies or dead parasites 
within the insect’s tissues become invested with layers of chitin laid down 
on them by the chitinogenous cells lining the inner surface of the fine tracheal 
ramifications 

Degeneration among the Protozoa is a subject which has been too little 
studied According to Minchin (1912) ‘ From a consideration of the various 

examples of degeneration from difierent causes, it appears that the first part to be 
affected is always the nucleus, and that the other derangements of the structure 
and functions of the body are secondaiy consequences of an abnormal condition 
of the nucleus ’ 

"We have searched such literatuie as is available to us with regard to the 
phenomenon of pigmentary degeneration among the Protozoa, but the only authoi 
who appears to deal with the subject is Minchin (1912) The hEemozoin of malaria 
parasites is presumably of the nature of a ‘ plastid ’ substance elaborated by nuclear 
activity and laid down in the cytoplasm It is not essential to all phases of the 
parasite’s life for it is absent from the merozoites, the sporozoites and the early 
young ring-trophozoites , presumably it is an excretion rather than a secretion, 
especially as it is ejected after rupture of the mature schizont-rosette Under 
conditions of failure to develop, it seems not unhkely that breaking dovrn of the 
chiomatm with deposition of enormous quantities of pigment within the oocyst 
will account for the appearances seen in the ‘ black spores of Boss ’ Minchin 
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quotes by way of analogy similar degeneiation-pheiiomena observed by Schaudum 
(1902) m the oocysts of Gydospora caryolyltca, and the transformation of 
chronndia mto pigment m the degeneiation of Achnosflmtium described by 
Hertwig (1904) 

Summary 

We believe that the confusion which at present exists m the literature with 
regard to the ‘ black spores of Eoss ’ is due to the fact that different observers have 
been deabng with three dijfferent structures under that name, viz — 

{i) Degenerated and hyper-pigmented malaria oocysts, which mav be either 
intact with the investing thin oocyst membrane unruptured, or with the scattered 
contents of the same after rupture of the oocyst Such structures may very 
possibly act as foreign bodies m the tissues of the mosqmto and subsequently 
become chitimzed These, alone, we bebeve to be the true ‘ black spores of 
Ross ’ 

(it) ‘ Chitin corpuscles ’ wluch consist of hyper-chitimzation of localized 
portions of the finer ramifications of the tracheal system We believe that it is 
on a study of these forms alone that Bruce Mayne (1929) has come to the 
conclusion that the ‘ black spores ’ are of purely tracheal origin and have nothing 
to do with the malaria parasites 

(m) Fungus infections of the tracheal system of the mosquito, possibly in 
places associated with hjqier-chitinization 

Our own observations, based upon material studied m sections, lead us to the 
belief that {^^) and (m) have nothing to do with the true ‘ black spores ’ 

An account is given of the occurrence of ‘ black spores ' in infected Anopheles 
stephensi after feeding on patients showing infections with P. malantB and 
P falciparum The process of evolution of these degenerating and hyper- 
pigmented cysts IS described and illustrated 

The term ‘ black spores ’, although of historical mterest, may be rather 
confusing, and perhaps ‘ degenerated and h 3 iper-pigmented oocysts or ruptured 
contents of the same should be substituted 
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Explanation op Plate XXVII 

Eeduced photographic reproduction of Plates IX and X of the paper by Bruce 
Mayne (1929), showing illustrations of ‘ black spores ’ by previous ivorkers 

(For details, see text ) 

Fig 1 After Boss (1923), showing the capsule of an empty zygote containing ‘ black 
spores ’ 

„ 2 After Grassi (1901) Brown bodies found unattached in the ccelomic cavity 

of an infected anopheline mosquito 

,, 3 After Grassi (1901) Capsule of an oocyst of P fahipmum, 11th day of 

incubation, containing typical ‘ brown bodies ’ 

„ 4 After Walch (1922) He considers this the complete enveloping of a hypho- 

mycete in a heavy chitinous covering on the mosquito’s gut 
Figs 5 and 6 After Walch (1922) Brown curved bodies found in the region of tlie 
salivary gland and of oocyst on gut 

Fig 7 After Huge (1903) A mass of ‘ Boss’s spores ’ on the gut-wall of Culex 

pipiens supposed to be developed from sporozoites 
„ 8 After Buge (1903) Found on the gut-wall of an infected Czilex pip^cns, 

regarded by the author as tiansition forms between brown sporozoites 
and Boss’s ‘ black spores ’ 

„ 9 After Wenyon (1926) 

No 1 Oocyst and ‘ black spores ’ in A macuhpennis infected with 
P vxvax (Preparation by Colonel S P James) 

No 2 Isolated ‘ black spores ’ from an anopheline (Preparation by 
Colonel S P James ) 

No 3 ‘ Black spores ’ from a Macedonian mosquito infected with 

P falciparum (Preparation by Dr C M Wenyon ) 

„ 10 After Boss (1905) Described as a zygote of the 6th day and later The 

five forms in the sketch are interpieted as ' black spores ’ 

„ 11 After Bruce Mayne (1929) ‘ Photo-micrograph of portion of gut-wall of 

Culex fatigans A field of the tracheal system showing typical clumping ’ 

„ 13 After Brug (1916) Thought to be an aggregation of ‘ black spores ’ formed 

from the wrinkling of the cyst-ivall of an oocyst, and subsequently becoming 
chitimzed 

„ 12A After Brug (1916) A group of ‘ black spores ’ — ‘ chitin corpuscles ’ on the 

gut-wall of a Culex pipiens infected with P prcecox 


( 77b ) 




Explanation op Plate XXVIII 


Reduced photographic reproduction of Plates XI and XII of the paper by Bruce 
Mayne (1929) 

(For details, see text ) 

Pig 13 Photo-micrograph of mass of ‘ black spores ’ on gut-wall of Culex fatigans 
infected with avian plasmodia 

„ 11 Photo-micrograph of gut-wall of Culex fatigans 10th day following infective 

bite Dissected specimen unstained, mounted in formalin There are 
two free masses of chitin-bodies, a group of three in a half-grown oocyst 
and an oocyst in the segmenting stage 

„ 15 Photo-micrograph of thoracic muscle close to salivaiy glands of Culex 

fatigans Here were found three lines of ‘ black spores ’ 

,, 16 Photo-micrograph of thorax of Anopheles subpietus showing dark brown 

bodies in and near a large trachea 

„ 17 Photo-micrograph of field on the gut-wall of a severely infected Culex 

fatigans shown in the same focus, the dorsal aspect In this view there 
are 12 typical ‘ black spores ’, sia in the same focus, the remainder lost 
to view 

,, 18 Camera lucida drawing Prom the gut-wall of an uninfected (wild) 

Anopheles subpietus There are shown several branched tracheal tubes 
merging into tracheoles with a small and a laige ‘ black spore ’ 



Plate XXVIll 








Explanaiion oi- Plapi^ XXIX 

(Original ) 

Drawmgis from seotions of laboratory bred $ Anopheles slephensi fwl upon gametooyte earners 
of P imlanco and P falciparum Showing phases of pigmcntaiy degeneration in malaria ooc\sts 
Fig 1 Pei 19 days previously on a crescent carriei , and kept at monsoon conditions Showing a 
degenerated oocyst in the epithelial layei of the midd’e part of the inid gut, located 
towards the coelomio cavity Black m colour , diainctei 14 iji 

„ 2 Fed 23 days previously on a crescent earner and kept at monsoon conditions Showing a 

partially degenerated oocyst in the epithelial layer of the hind part of the mid gut 
Brown in colour , diameter 14 4y/ 

„ 3 Fed 23 days previously on a crescent carnei and kept at monsoon conditions Showing a 

partially degeneiatcd oocyst in the epithelial layti of the middle part of the mid gut 
Black in colour , diameter 13 3yi 

,, 4 Fed 21 days pieviously on a cicacent caniei and kept at monsoon conditions Showing a 

partially degeneiated oocjst m the epithelial lajei of the hind pait of the mid gut Black 
111 colour , 13 oji in diameter 

,, 5 Fed 23 days jireviously on a cieaceiit carnei and kept at monsoon conditions Showing a 

partially degeneiated oocvst in the epithelial layer of the hind jiait of the mid gut Deep, • 
brown in colour , diameter 9 Iji 

„ 6 Fed 8 days previouslv on a gainetoc^ tc caiiiei of P malaitiL and kept at post monsoon 

conditions Showing a degeiieritcd oocyst in the epithelial layei of the middle portion 
ot the mid gut, located towards the lumen of the gut Black in coloui , 12 7p in ihanieter 

,, 7 Fed 23 day's previously on a ciesceut carnei and kept at monsoon conditions Showing a 

partially degenerated oocyst in the einthchal layer of the hind 2 iart of the mid gut Black 
in coloui , 9 lj{ in diameter 

,, 8 Fed 8 days ^ireviously on a gametocy te cairiei of P mahiiUL and kept at post monsoon 

conditions Showing a degenerated oocyst in the einthelial layer of the middle portion 
of the mid gut Deep brown in colour , 14 -iji iii chanieter 

„ 9 Fed 23 days preyiously on a descent earner and kept at monsoon conditions Showing a 

degenerated ooevat in the epithelial layer of the middle poitioii of the mid gut Black 
111 colour , 1 1 4^i in diameter 

„ 10 Fed 23 days pieviously on a ciescent eaiiiei and kept at monsoon conditions Showing a 

degeneiated oocyst in the epithelial layer of the middle portion of the mid gut Black 

in colour , 1 5 5^1 in diametei 

„ 11 Fed 23 days previously on a crescent carrier and kept at monsoon conditions Showing a 

degenerated oocyst in the ejiithehal layer of the hind pait of the mid gut Black in 

colour , 14 in diameter 

„ 12 Fod 23 days previously on a ciescent carnei and kept at monsoon conditions Showing a 

degeneiated oocyst in the epithelial layer of the front part of the mid gut Jet black in* 
colour , 13 3yi in diameter 

„ 13 Fed 23 days previously on a crescent carrier and kept at monsoon conditions Showing a 

degenerated oocyst in the epithelial layer of the hind poition of the mid gut Deep blown 
in coloui , 9 Iji 111 diameter 

„ 14 Fed 8 days pieviously on a ganietoeyte carnei of P malaruc and kept at post monsoon 

conditions Showing a degeneiated oocyst in the epithelial layer of the hind part of the 
raid gut Black 111 colour , 13 5^( in diameter 

„ 13 Fed 23 days previously on a crescent carnei and kept at monsoon conditions Showing an 

almost completely degeneiated oocyst in the epithelid layei of the hind pait of the mid 
gut Jet black in colour , 13 in diameter 

„ 16 Fed 8 days previouslv on a gametocy te c irrier of P malaiicc and kept at post monsoon 

conditions Showing an almost completely degenerated oocyst lu the ejuthelial layei ot 
the hind portion of the mid gut Black in colour, 11 Ijt m diametei 

,, 17 Fed 8 days previously on a gametocy te carnei of P malainc and kept at jiost monsoon 

conditions Show ing a completely degenerated oocy st in the epithelial lay er of the bind 

portion of the mid gut Deep brown m colour , 0 m diameter 

„ 18 Fed 23 day's previously on a crescent earner and kept at monsoon conditions Showing a 

completely degenerated oocy ot in the epithelial 1 lyer of the hind portion of the mid gut 
Jet black in colour , 9 Qji in diameter 

„ 19 Fed 23 days previouslv on a crescent carrier and kept at monsoon conditions Showing a 

comjjletely degenerated oocyst in the epithelial lay er of the hind portion of the mid gut 
Deep brown in colour , 14 4yi in diametei 

20 Fed 23 d vys jircv lously on a crescent carnei and kept at monsoon conditions Show ing 

” two completely degenerated oocysts in the einthelial layer of the hind portion of the mid- 

gut Jet black in colour, 11 l^j and 13 in di imcter 



Plate XXIX 




Explan.\tion op Plate XXX 
{Original ) 

Plioto-micrographs "of sections of laboratory-bred ? Anopheles Stephens fed 
previously on gametocyte-carriers of P malanco and P falciparum l-12tli inch 
oil-immersion objective, No 2 ocular 

The arrows point to the degenerated and pigmented oocysts 
Fig 1 Fed 19 days pieviously on a crescent-carriei and kept at mon«oon conditions 
Showing a partially degenerated oocyst in the epitheli.il layer of the middle 
portion of the mid-gut, located towards the haematocoele Black in 
colour , 14 4-/« in diameter 

„ 2 Fed 8 days previously on a gametocyte-canier of P malarice and kept at 

post-monsoon conditions Showing a partially embedded oocyst 
embedded in the epithelial layer of the middle portion of the mid-gut 
Deep brown in coloui , 14 ip in diametei 

„ 3 Fed 8 days previously on a gametocyte-carrier of P malaria) and kept at 

post-monsoon conditions Showing a degenerated oocyst embedded in 
the epithelial layer of the middle portion of the mid-gut, located towards 
the lumen of the gut Black in colour , 12 7/^ in diameter 

„ 4 Fed 8 days previously on a gametocyte-cairier of P malance and kept at 

post-monsoon conditions Showing a degenerated oocyst embedded in 
the epithelial layer of the middle portion of the mid-gut Black in colour , 
14 4/1 in diameter 

„ 5 Fed 25 daj s previously on a crescent-carrier and kept at monsoon conditions 

Showing an almost completely degenerated oocyst embedded in the 
epithelial layer of the middle portion of the mid-gut Black in colour , 
12 6/1 in diameter 

„ 6 Fed 8 days previously on a gametocyte-carrier of P malance and kept at 

post-monsoon conditions Showing a completely degenerated oocyst in 
the epithelial layer of the hind part of the imd-gut Jet black in colour , 

9 9/1 in diameter 

,, 7 Fed 23 days previously on a crescent-cam ei and kept at monsoon conditions 

Showing a completely degenerated oocyst in the epithelial layer of the 
hind part of the mid-gut Jet black in coloui , lO/i in diameter 

„ 8 Fed 8 days previously on a gametocyte-carrier of P malance and kept at 

post-monsoon conditions Showing a completely degenerated oocyst m 
the epithelial layer of the middle portion of the mid-gut Deep blown in 
colour , 16 2/t in diameter 

,, 9 Fed 23 days previously on a crescent-carrier and kept at monsoon conditions 

Showing two completely degenerated oocysts embedded in the epithelial 
layer of the hind part of the mid-gut Jet black in colour , 14 4 and 13}i m 
diameter 



Plate XXX 





tnd Jour Med Res f 3, January^ 1033 


THE PHAEMACOLOGIGAL ACTION OF PLUMBAGO ZEYLANICA 
AND ITS ACTIVE PRINCIPLE (PLIBIBAGIN) 

PLUMBAGO ZEYLANICA LINN H F B I m 480— ROX 
B 155-N-O PLUMBAGINE*^ 

BY 

B B BHATIA, m d , m R c p (London), 

AND 

S LAL, MB, B s 

(From the Department of Pharmacology, King George’s Bledical College, TAichnotv ) 
[Received for publication, July 12, 1932 ] 

Vernacular names 

White lead wort (English) , Cejlonische BleiwurA (German) , Dentelaire de 
ceylon (French) , Agni-Shikha, Chitraka, also Vahm and all other names of Fire 
(Sanskrit) , Chitra, Chita, Chitraka, Lalchitra (Hindi) , Chitu (Bengali) , Chatramul, 
Chitrakmul (Dec) , Venchittira (Tamil) , Tella-chitra (Telugo) , Kotuveli 
or Vellakotu-Veri (Mai) , Sudunitul (Sinhalese) , Shitaraj (Arabic) , Shitariik 
(Persian) , Ku-Khenphia (Burma n) , Bile-Clutramul (Can) 

Botanical characters — It is an ever-green perennial herb, growing wild or 
cultivated in gardens, throughout India, with several cylindric, glabrous, striate, 
stems , alternate exstipulate, entue, sessile leaves U to 3] inches long and white 
scentless regular bi-sexual flowers on long spilce-like racemes Boots are long, 
succulent, often much contorted Procumbent branches which on reaching the 
soil often strike roots 

Habitat — Can be cultivated Giows wild almost throughout India Common 
in Bengal, South India and Kumaun hills 

Par ts used — The root 

Chemistnj —Chemistry of Plumbago was worked as early as 1883 by Dulong 
who extracted, from P europea, an active principle and called it plumbagin Later 

( 777 ) 
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in 1887 Fluckigei isolated tlic same substanae in a piirei foim, from the loots 
of P zeylamca In 1888 Bettiiik gave phunbagiii the piovisional formula of 
CjeHjsOg No further woik on the plant oi its neutral principle is traceable 
till Roy and Dutt (1928) of the Allahabad University Chemical Laboratory 
worked out a simple method of isolating plumbagm in piue form and attempted 
to solve its constitutional formula It is to these workers that we are indebted 
for supplying the active piinciple which enabled us to start the following pharma- 
cological investigation 

Plumbagm is a neiitial substance in the form of fine glistenuig siUcy needles 
of golden yellow colour With feme chloride it gives a led coloui and dissolves to 
a cherry red solution in alkalis It is freely soluble in ethei, chloroform, alcohol, 
acetone, benzene, acetic acid, etc Model ately soluble in hot water and 
almost insoluble in cold water On oxidation by neutral oi alkaline potassium 
permanganate in the cold, plumbagm yields benzoic and cinnamic acids, whereas 
by distillation with zme-dust it pioduces naphthalene and P-methyl-naphthalene 
These facts, together with its yellow colour and peiietiating qumone-hke smell, 
led Roy and Dutt {loc cit ) to think that plumbagm might be a derivative of p- 
benzoqumone of a-naphthoqumone with formula of CjsHisOg They further 
found that plumbagm is present m all the three vaiieties of plants, viz , P 
zeylamca, P losea and P eutopea in varying proportions with a maximum of 
0 9 — 1 per cent m some species of P zeylamca and P losea P eiuopea has 
much less plumbagm content The exact proportion vanes within wide hmits 
according to season, soil, locality, growth, etc In general it is found that 
the biggei the plant and the driei the soil, the greater is the quantity of 
plumbagm found m its roots, furthei the fresher the roots, the greater the 
proportion of active principle which seems to get oxidized with storage No 
plumbagm is contamed in the aerial parts of the plant with the exception of a 
small quantity m that part of stem which is near the roots (T E Geiock) 

History and alleged uses 

In Chitiaka these plants are described as digestive, astimgent, hot and 
appetizmg A remedy for piles, dyspepsia, leprosy, anasarca, worms, cough, 
phlegm, flatulence and biliousness In the Nighantas, among other synonyms, 
they bear the names, Daruna, Dahans, and Agni, m allusion to their burning and 
acrid properties It also enteis into the composition of several preparations used as 
caustics Locally it is recommended in paralysis and rheumatism Mohammedan 
writers, who treat the drug under the name of Shitaiaj, describe it as caustic, 
vesicant, expellant of phlegmatic humours, digestive, anti-rheumatic and aborti- 
facient Mu Mohammad Hussain speaks of several kinds of Shitaraj and says one 
of them IS the libadiyum or hfadiyum of the Greeks Sprengel considers TpnTo\i<>y 
of Dioscordies to be P ewopea Dr Oswald used it in the treatment oi 
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inteimittent fever aud thought it to be a poweiful sudoiific Amslee speaking 
of P losea desciibes it as aciid and stimulating, useful in iheumatism and 
paialytic affections O’Shaiighnessy aftei several trials expressed favourable 
opimon about its being a cheap substitute as a vesicant foi cantharides 
Waring found its blisters to be much moie painful than tliose of ordinary 
vesicants E Gray claims to have cured certain cases of leucoderma with it 
Dr Bhattaehaijee found it useful m post-paitum hiEmorrhage It is frequently 
used to procure cimunal abortion and occasionally for suicidal purposes In 
Japan, from very early times, the drug has been used foi the treatment of a 
number of complaints such as neuralgia, rheumatism, toothache, bald-headed- 
ness, ulcei, scabies, caicmoma, gastio-enteric diseases, hfemorrhoids, mtermittent 
fever, syphihs, viper’s bite, etc , and as a sudorific, diuretic, emmenagogue 
and ecbolic (Kein and Ko, 1931) 

It IS obvious from the varied uses to which this drug has been put that the 
practitioners of indigenous systems of medicine attached a great deal of importance 
to it Originators of these systems were as a rule shrewd obser^'ers and it is sur- 
prising that they could honestly believe that one single drug could possibly be 
employed foi rehef of as many as fifteen different ailments We started work 
on the drug with the object of finding out if this drug had any potent active 
principle which could be utilized foi rational treatment of any of the large number 
of ailments which it is supposed to cure 

Pharmacology 

(1) Proceduie — All experiments were carried out on healthy dogs, rabbits, 
guinea-pigs and frogs Morphme-urethane anaesthesia was invariably used in 
doses of 5 mg of morphine and 1 8 grammes of urethane per kilogram of body- 
weight The anaesthesia induced was almost always deep and even, and rarely 
required to be supplemented by open ether The followmg preparations were 
used — 

{i) plumbagin, obtained from the chemical laboratory of the Allahabad 
Umversity, 

{^l) freshly prepared decoction from the powdered roots (one year old) 
strengtji 1 m 10, 

(^^^) freshly prepared tmctuie from one year old roots, strength 1 in 10, 
concentrated on water bath just before use and diluted with sahne 
01 Einger’s solution, 

{%v) all mjeetions were made at body-temperature, 

{v) doses, unless otherwise stated, are per kilogram of body-weight 

(2) External actions — [a) Germicidal value plumbagm, as 1 in 10,000 solu- 
tion m bioth, prevents the growth of Bacillus typhosus, after 24 hours incubation 
High dilutions up to 1 m 50,000 inhibit the growth of Bacillus typhosus 
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(6) Toxicity A 1 111 50,000 solution of plumbagin kills Paramcecimi 
caudalum after a contact of 2 houis and 1 in 20,000 solution after a contact of half 
an lioui 

Frogs, leceiving 0 1 mg per gramme of body-weight tbioiigb tbeir lymph 
sacs, showed slight stimulation followed by drowsiness and death in 10 to 
12 houis 

Rabbets receiving subcutaneous injection of 2-3 mg per kilo weight showed 
no marked toxic effects, except slight loss of body-weight, which was soon 
recouped 

(c) Local action plumbagin solution, in all dilutions, stains the skin and 
mucous membranes yellow — the maik, howevei, soon changes to a blackish colour 
and then persists for seveial days oi even months Solution of plumbagin, when 
applied on skin lu 1 in 1,000 strength, pioduces erythema, higher strengths cause 
blisteis, which aie veiy painful Even veiy dilute solutions iiritate mucous 
membranes Subcutaneous injections cause inflammation lapidly leading to 
sloughing Taste is aciid and pungent 

Ahmentat y system — Eabbits, receiving pe) os a daily dose of 1-2 c c of 
decoction or |-1 mg of plumbagin, showed increased appetite and gam in weight , 
with higher doses 10-15 c c of decoction oi 3-5 mg of plumbagin there was 
lethargy, loss of appetite and diminution in weight In sziu, the normal peristalsis 
of the ileum of dog (Finger-cot method) increased in mtensity and frequency 
with ^-1 mg doses of plumbagin or c c doses of decoction and tincture The 
action was present though less marked after severance of the vagi and atropmization 
of then nerve endings (Graphs d, e and/) In the excised duodenum of rabbit, 
ileum of guinea-pig, and stomach of frog, the tone increases and amplitude of 
contractions diminishes, in dilutions of 1 in 800,000 to 1 in 200,000 of plumbagin 
01 1 in 200 to 1 in 100 of decoction This increase in tone was not abolished 
with atropine but was reduced by adrenaline (Graph «) "With higher doses of 
plumbagin there was relaxation followed by paralysis (Graph b) At this stage, 
if the drug was immediately removed by repeated washing with Einger-Locke 
solution, the rhythmic movements returned, but if the drug was left in contact 
for a few minutes then no response was obtained with such drugs as barium oi 
pilocarpine Similar results though giadual in onset were obtained from intestinal 
strips, after then vagal neive-endings weie atropimzed (Graph e) 

Ciiculatonj system — The blood-piessuie in dogs uses with ^-21 mg doses of 
plumbagin but the use is veiy tiansitory and is followed by fall Successive doses 
produced similar eftect Laige single dose of 5 mg pioduced only a fall in blood- 
pressure These efiects appeared to be independent of vagus control, as similar 
results were obtained after the vagi weie cut and their nerve-endings atropimzed 
Neither did these effects appear to be lelated to the sympathetic nervous system. 
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as no change was obseived aftei paralysis with nicotine and eigotoxm (Graphs d, e 


and /) Exactly similai results were 
in ^-1 c c doses Pcrfu<5ion of dog’s 



a 


obtained with decoction and tincture 
leg, thiough the femoral artery with 1 



b 



c 

Graphs a, b aud c — 465 grammes K ibbit — excised strip of duodenum suspended ui 200 c c of 
Locke’s solution , up3troke=conti action Time, m one minute Graph a shows marked increase 
m tone, on addmg J mg of plumbagm to the bath, uneffeoted by 1 mg of atropm sulphate but 
relaxation followed 0 25 c e of 1 m 1,000 adrenalin solution Graph h shows the effect of 1 mg 
of plumbagm on another strip of duodenum from the same animal, suspended m 200 e o of 
Lockes solution At B and C bath changed, with return of rhythmic movements, which later 
on attained their normal size aud tone Graph c shows the effect of i mg after the nerve endings 
were efficiently atropmized 


lu 100,000 solution of plumbagm, increased the outflow through the femoral 
vein from 48 c c to 52 c c per mmute Perfusion of the hind leg of frogs 
(Loewen-Trendelenburg’s method) with I m 100,000 solution of plumbagm 
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incieased the outflow, ab lecoided by a diop couuter (Giaph (j) Peifu&ion of 
blood-vessels of an excised kidney of sheep also showed similar results Pall in 
blood-piessure may theiefoie be partly a vaso-dilatoi efiect 



trf) (e) (/) 

Graphs d, e and / — 13 tilos, male dog Morphine — urethane ansesthesia From above downwuids 
— ileum (Finger cot method) Blood pressure, carotid, tracheal respiration, ^ero pressure Ime and time 
in 6 seconds Graph cl shows the effect of injecting 10 rag of plumbagin through femoral vein Graph e 
shows the effect of similai dose aftei both vagi had been cut Graph /shows the same after atropinization 

The excised heart of a rabbit perfused with 1 in 800,000 solution of plumbagin 
showed an initial increase in systole and rate but was soon followed by an uregulaiity 
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m rlivthm, slowing and dccieasc in amplitude of contractions With 1 in 400,000 
solution a similar effect was shown, but the depression was more marked and 
the heart’s action stopped in about lialf an hour’s time, the auricles stopping 
before the ventricle (Graphs h and ^) Neither perfusion with Locke’s 
solution, nor injection of 0 25 c c adrenalin were effective in reviving the beat 
Frog’s heart {Rana tig) lana) perfused in situ, through the inferior vena cava, 
with E 10 Eingei (NaCI 0 6, KOI 0 024, Cad 0 0026, NaHCOa 0 01) showed stimula- 
tion with plumbagin and decoction plumbago, in such high dilutions as 1 in 10 
million of the former, inasmuch as the heait, which ought to have stopped beating 
in half an hour’s time on tins modified Ringer, continued beating for more than 
\n hour The maximum stimulation was, however, produced with 1 in a million 
strength of plumbagin, when the tone, the rate, the amplitude of contraction and 


V, 


g 

Graph g — Fiog — perfusion of hind legs, through 
abdominal aorta (Loeweii Trendelenburg’s method) Drops 
recorded with two tambours 

the output of the heart markedly increased The stimulant effect came on gradually 
and lasted a considerable time after the drug was taken off and the heart 
perfused with R/10 Ringer alone The effect was thus not ‘ easy-come, easy-go ’, 
but a more lasting one— what Burridge (1920) has described as hysteresis involving 
changes of aggregation in the colloids concerned in excitation The heart- 
rate later on became slow and occasionally irregular With higher strength, 1 
in 100,000 of plumbagin, there is an imtial stimulation followed by gradual 
depression and stoppage, midway between systole and diastole At this stage 
the heart-beat could not be revived with full Ringer or adrenalin, but the 
muscle was still responsive, though feebly, to mechanical stimuli and 5 per cent 
RCl solution Thus there was failure of excitation, as well as impairment of 
contractility 
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Respiialonj system — Pliunbagin m -^-2^ mg doses in dogs showed slight 
broncho-constnction Largei doses of 7-10 mg produced ii regular and slow 
respiration, leading to complete failuie — the heart continuing to beat 



% 

Grapjis h and i — 650 grammes Rabbit — isolated heaxt, perfused , with Locke’s solution 
(Lagendaif’s method) , upstroke = systole Time 10 seconds Graph h shows the effect of 
perfusion with 1 in 800,000 solution of plumbagin Graph i with 1 in 400,000 At A changed to 
Locke, at B 0 25 c c of adrenahn injected Ten minutes latei heart-beat completely stopped 
Heart muscle was still responsive to mechanical stimuli though feebly 

Uiinaty system — Perfusion of an excised sheep’s kidney with 1 m 100,000 of 
plumbagin, showed dilatation of blood-vessels and increase in the ureteral outflow 
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Outflow througli the uieter of a dog (undci morphine urethane amesthesia) also 
showed slight inciease in the numbei of diops of urine pei minute 

Genital system —In the excised virgin oi parous, but noii-piegnant, uterus of 
a rabbit oi gumea-pig (Magnus’ method) suspeiided in 1 in 400,000 to 1 in 100,000 



n 0 

Graphs j, I, in, n and o —150 grammes Frog (Rawi tigriana) — perfused through inferior vena cava at 
room temperature (SS^C ) Composition of K/10 0 6 per cent NaCI, 0 03 per cent KCI, 0 0025 per cent CaCij, 
0 01 per cent NaHCOj Height of reservoir 12 cm — in Graph j at P 10 ^ heart perfused with 1 in 
10,000,000 of pluinbagin Graph L which records the events half an hour later, heart still beating at the 
initial height at P 10 solution changed to 1 in 1,000,000 plumbagin Graphs I and m show the effect 
of return to R'lO Giaph a at P 10 -, lioart iierfused with 1 in 100,000 of plumbagin Graph o at R, 
ohonged to Ringer 0 6 per cent NaOI, 0 03 per cent KCI, 0 025 per cent CaCL,, 0 01 per cent NaHCOa 
At B 0 25 c c of adieualin injected — no further automatic contraction was obtained, though the heart muscle 
still responded feoblv to mechanical stimuli and 5 per cent KCI 


solutions of plumbagin in Locke’s fluid tbe tone of the organ, amplitude and 
frequency of contractions is increased Exactly similar results were observed with 
decoction and tinctnre in 1 in 100 to 1 in 50 dilutions With higher doses of 
J, MB 8 







3 

Grapli 3 p, q, r and a — Gumea-pig — excised, non pregnant parous uteimo horn suspended 
in 200 0 0 of Locke’s solution (Magnus’ method) , upstroko= contractions Tune in one 
minu te Graph p shows effect of 1 in 400,000 solution of plumbagm at (1), of 1 in 100,000 
plumbagin at (2), adrenalin J c o of 1 m 1,000 and later barium chlonde 1 c c of 5 per cent 
solution^ were added without any effect Graph q shows effect of suspension in l.in 60 of 
decoction. Graph r shows effect of suspension in 1 in 60 of tmcture Graph a shows effect 
of 4 mg of plumbagin in 200 of Locke’s solution on the pregnant excised uterus of labbit 
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plumbauriu (1 iii 50,000) tlieie is complete iela\ation of iiteiine strip, with 
(hsappcarauce of ihvthmic movements and setting in of paralysis (Graphs p, q 
ind )) Evcised pregnant ntenis of gmnea-pig or rabbit behaved exacth ii 
the same mannei as non-pregnant ones, as regards stimulation with lower 
and paralysis with higher doses But nerther small nor larger doses of plum- 
bagin or decoctrou given orally, intravenously oi subcutaneously to pregnant 
rabbits or guinea-pigs, succeeded in producing abortion in our series of 
observations The doses were pushed to the extent of producing mild toxic 
symptoms 

Central no vans system — In frogs, small doses 0 001 mg per gramme weight, 
showed stimulation , higher doses showed drowsiness and ultimate paralysis No 
convulsion or tetanic movements were observed Osseous muscles of frogs showed 
stimulation with smaller and depression with higher doses 

Secrettons — Injection of 1 mg of plumbagin in the dorsal lymph-sac of a frog, 
weighing 75 grammes, produced a fair amount of diaphoiesis Secretion of 
urine and bile was also slightly stimulated in dogs, with 1 mg doses of plumbagin 
administered through the femoi.al vein 


SuMfilARY \ND CONCLUSIONS 

1 That the active principle of Plumbago zeylamca is plumbagin and that 
most of its phaimacological actions are due to the presence of this neutral 
principle 

2 Externally it is a strong irritant and has a powerful germicidal action on 
bacteria and unicellular orgamsms 

3 The principal action of plumbagin is on the muscular tissue which it 
stimulates in smaller doses and paralyses in larger ones 

4 It stimulates the contraction of the musculai tissue of the heart, 
intestines and uterus This action is deep-seated 

5 It stimulates the secretion of sweat, urme and bile 

6 It has a stimulant action on the nervous system 

Thus the use of Plumbago zeylamca m indigenous medicine, as a 
rubefacient, vesicant, local ecbolic, diuretic, and sudorific, has a rational 
basis 

W^e wish to express our thanks to Bai Bahadur Dr B N Vyas, Head of the 
Department of Pharmocology, for constant guidance 

One of us (S L ) wishes to express his thanks to the Trustees of Kunwar 
Inderjit Singh Eesearch Fund for a scholarship which enabled hun to take part 
m this investigation 
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The use of the spectrograph has within recent years been cleaily demonstrated 
in connection with analytical problems, associated particularly with metallurgical 
chemistry The method m selected cases is much more rapid and searching than a 
detailed chemical analysis and, in addition, lends itself to actual quantitative 
estimations It is only natural therefore that in biochemical work, where in- 
fimtesimal amounts of a substance may prove to be of the greatest importance, 
the method should also receive its due share of consideration , already, in 
fact, a certain amount ot work has been published on the subject in this 
respect by Ramage (1930), Ramage and Fox (1931), Chaston-Chapman (1930), 
McCollum (1929), and others Unfortunately, many laboratories are handicapped 
in work of this nature owmg to the cost of suitable apparatus We have been 
exceedingly fortimate at having placed at our disposal a high dispersion 
quartz spectrograph, through the kindness of Sir C V Raman, e e s , Nobel 
Laureate, and m addition receivmg a grant from the Indian Research Fund 
Association It is not proposed to discuss in this paper the various applications 
of spectrography to medical problems but to confine ourselves strictly to those 
problems which have a special bearing on biochemical analysis To make the 
subject more lucid the paper has been divided into two heads — > 

(1) Introductory considerations 

(2) Quahtative analysis 
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(1) Introductory considerations. 

Undei this we may oonsidei what the term spcctiogiaphic analysis imphes, 
the type of instiuments suitable, methods foi the pioduction of spectra and the 
identification ot spectial hues All spectiogiaphic analysis depends on the 
emission of spectial Imes which arc specific foi the excited element It may happen 
that the lines produced by difteient elements oveilap oi he in veiy close approxi- 
mation , hence the necessity of using a high dispeision instiument, where a \aiiety 
of elements aie liable to be encounteied lion, such a common lugiedient in 
biochemical substances, is paiticulaily tioublesome owing to the large niunber of 
spectial lines that it exhibits JIuch spectiogiaphic work can be earned out by 
using the smallei dispeision instiuments, but they aie laigely applicable to cases 
where the niimbei and type of the elements sought are limited Again, we have 
to consider the question of wave-lengths ovei which it is desirable to examine the 
spectral lines Many obseivations can be carried out using an instrument with 
glass optical parts, but the observations will be limited to roughly between 7,500 
and 4,000 Angstrom Units , so, if we wish to extend oui observations beyond the 
violet, an uviol oi quartx optical tram is essential Bardet in his ‘ Atlas de arc 
spectral has pointed out the following advantages obtained from observations 
over the shorter wave-lengths, briefly these are — 

(а) In the ultia-violet region the lines aie moie dispersed than in the visible, 
hence their identification is much easier 

(б) The cyanogen bands practically occupy the legion 4,600 to 3,500 Though 
we have followed Bardet’s technique closely, we have not limited ourselves to any 
particular range of wave-lengths 

Bor general biochemical spectiogiaphic analysis the apparatus that we 
have found the most suitable is a high dispeision spectrograph with a 
quartz optical train 

General methods employed for exciting spfctra 

These may be consideied briefly under the heads (a) Flame spectra, (d) 
Spark spectra, and (c) Arc spectra , other methods of excitation being omitted 

(a) Flame spectra — The use of the Bunsen flame itself is extremely limited 
Bamage has, however, by the use of the oxv-coal gas or oxy-hydrogen flame, been 
able to detect a considerable numbei of elements and notes, by using his technique, 
that the lines are few compaied to the aic spectra and so much easier to identify 
Lundegardh, using a mixtuie of an and acetylene, mentions about twenty elements 
that can be detected His method depends on the atomization of a solution of 
the substance under examination which is passed into the flame Present-da^ 
advances in the study of flame spectra make this method of excitation one that 
cannot be neglected 
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(6) Sy)arL spectra — These result when there is a removal of an electron froln 
an atom which has already lost an election The method is extremely useful 
where solutions are used but, in addition to the spectrograph, additional apparatus 
IS requued in tlic shape of a powerful coil, oi better still, a transformer, a good 
capacity condenser and a Hemsalech coil to cut out an -lines A very large and 
important literature exists on this method of excitation 

(c) A)c spectia — These result when an election is removed from a neutral 
atom We have ahead}'' stated that we have followed Bordet’s techmque fairly 
closely and have limited oui experiments laigeh to tins method of excitation 
In addition, we may add that the research staff of "Messrs Adam Hilgers have 
pointed out that the aic method of excitation is often moie useful than 
the spaik method in detecting veiy small (piantities of a metal 

iDtXTIFICATION OF LlNLS ANB 1HE1H PERSISTENCE 
Haitle} w'as the fiist (w'oiking with spark spectia) to observe that the most 
marked lines emitted by an element were not always the ones that persisted on 
dilution and, utilizing this obseryation, he was able to form a quantitative 
idea of the presence of an element m i compound DeGiamont has done a 
considerable amount of most impoitant work on what he styles the Rais 
ultimes It is hardly necessary to state that for analytical work it is essential to 
know the position of these persistent lines and also then sensitivity or dilution 
at Avhich they disappeai Excellent tables are ivailable for this purpose 
Recently Ryde and Jenlans have produced a powder known as R U powder 
which contains small quantities of about fifty elements, so worked out that 
the R U hues of these elements appeal on arc excitation We are constantly 
using this powder and find it most useful in the detection of elements It 
may be advisable to pause heie and ask if spectral analysis can be advocated in 
attackmg biochemical problems more especially now with the advent of and rapid 
advances made in micro-chemical methods , the answer must certainly be in the 
affirmative We know little at the moment of the possible importance of mmute 
amounts of an element in an a nim al or plant tissue , many are probably extraneous, 
gathered in by accident so to speak from the euviionment, others may play a most 
important role in the organism and still await elucidation of their action 
Certainly we cannot neglect the idle of the elements in catalytic phenomenon and, 
when all is said and done, we must still admit that the continuation of our being 
depends largely on enzymes, to conduct a systematic search for elements by 
micro-methods, would be extraordinarily time-consuming and, it may be added, 
siutable micro tests do not exist for all elements Admittedly the spectrographic 
method does not surmount all these problems, as in many cases the method is 
supei sensitive and the possibility of contammations very difficult to avoid, while 
in other cases it is undei-sensitive and cannot compete with micro-chemical 
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metliods The actual lange coveied, in which the method is suitable, is large, and 
the time taken over the analysis by a skilled woikei is extiemely short We, 
therefoie, consider it a most useful adjunct m ceitam lines of attack on 
biochemical pioblems 


(2) Qualitative analysis. 

We may now pioceed to the application of the method in qualitative analysis, 
using the arc excitation This in its simplest foim consists of applying a portion 
of the substance in a state of ash, oi powdei on the positive electrode m a suitable 
arc As electrodes, we employ H S biand giaphito supplied by Messrs Adam 
Hilgei as they cairy an analysis of the impuiities that they contain In man) 
examinations we use caibon-iods puiificd m the laboratory , electrodes of silver, 
copper and non aie used in certain cases, the voltage used is 220 D C and the 
amperage we vaiy accoiding to the analysis , usually it is about 3-5, but foi the 
visible legion we often lun up to 7 oi 8 ampeies As a woiking lule we mciease 
both the current and time foi the controls ovei that foi the actual sample with the 
object of showing up impuiities in the electrodes themselves 

Many methods may be used to prepare the substance in a state of ash , the 
easiest is simply to ash in a platimun oi silica crucible, using a furnace oi iron 
burner If the ordinaiy Bunsen is used, contamination by coppei will result It 
should also be remembered that platinum is capable of foiming an amalgam with 
many metals at high tempeiatuies The drawback to this method of ashing is of 
Gouise obvious, where volatile elements likeaisemc, antimony, meicury, lead, etc , 
are sought IVe have endeavouied to surmount this difficulty by ashing in an 
enclosed silica tube and collecting all the products of combustion The process 
IS very tedious and we have not been veiy successful Another method that 
appears promising, as far as our experience at present shows, is a combination of 
the chemical and spectiogiaphic method, in other words, chemical group separa- 
tion and an examination of the group by the spectioscope This would appear 
to be very useful where only the small dispersion spectroscope is available , in fact 
we often find that by removing iron chemically, ue get excellent results with the 
small quartz apparatus This method of group separation appears to be findmg 
favour with Italian and Japanese woikeis 

As far as this paper is concerned, we are limiting ourselves to the simple ashing 
process and embedding the ash in a drilled graphite-iod For purposes of identi- 
fication of the lines we use a spectium of R U powder and a spectrum of non 
The usual plan adopted is first to take a spectium of the giaphite-rod, to see what 
impurities are present , we then take three spectra one of iron, one of the unknown, 
and one of E. U powdei Some of the actual prints taken from the plates are 
shown in Plate XXXI Usmg this simple technique we have examined some 
human organs The results obtained are noted in Table I In addition, we have 










Plate XXXII 


This shows two enlargements taken fioin spectrograms giving the position of the manga- 
nese triplet 4034 45, 4033 07 and 4030 76 the enhancement of the lines is clear in certain cases 
and also the position of the iiibidiiim line 4201 81 Tins is much moio difficult to decipher 
on the enlargement 


Manganese triplet 


Riilndium 


R U powder 
Lady’s finger 
Wheat 

Musuri dhal 

tta 

Brinjal 
Arrahar dhal 

Milk ash 

Puin shak 
Palong shak 

Potato 


K 

Mu 

Ca 
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I 




3961 and 3914 03 


it 



Lady’s hnger 

Wheat 

Musuii dhal 

Attn 

Biiiijal 
Airahai dhal 

Milk ash 

Graphite 

Pum shak 
Palong shak. 


The left-hand picture also shows the presence of aluminium doublet 3961 54, 3944 03 
This seems to be very common in human oigans and food-stuJls 
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also examined many Indian food^stufis, the results are noted in Table II In Plate 
XXXII are shown some of the enlargements obtained from actual plates showing 
the presence of certain elements found in the substances under examination 

Table I 


Pancreas 

(Ashed m Silica ) 


HUIIAN OEGANS 

Manganese, triplet 4034 45, 4033 07 arid 4030 76 well marked 
(seuaitivity 3a, 3a and 4a ) 

Zmo (MeCollum, Rask and Becker, 1928), lines 4810 “iS 
(sensitivity 60a), 4880 14 (sensitivity 30a) absent 
Aluminium, 3961 64 (sensitivity 7a), 3944 03 (sensitivity 6a), 
3082 16 (sensitivity 36), luies were jiresent 
Lead, lines 4057 83 (sensitivity lOo), 3639 68 (sensitivity 6a), 2614 2 
(sensitivity 4), 2833 07 (sensitivity 5a) 

Copper, doublet 3247 56 and 3273 96 (sensitivity 20a, and 15a) 
Rubidium, lino 4201 (sensitivity 4a) 

Silver bne 3382 89 (sensitivity 10a) 

Tin, line 2863 (sensitivity 4a) 

Vanadium, group 1379 to 4408 (sensitivity 2 and 1), appears to be 
enhanced 
Cobalt, absent 
Nickel, absent 
Strontium, absent 


Brain Manganese, triplet present but very iaiut 

(Ashed in Silica and in Plati Zino, lines 4810 and 4722 

num ) Alumimum, lines 3961 and 3944 

Lead, luies absent 
Vanadium, Imes absent 
Silver, Lne 3332 very marked 
Rubidium, bne 4201 
Strontium, lines absent 
Tin, hues absent 
Cobalt, hnes absent 
Nickel, hnes absent 
Copper, doublet present 


Spleen Manganese, triplet well marked 

(Ashed in Sihca ) Zinc (McCollum, Rask and Becker, 1928), lines 4810 and 4722 

Aluminium, Imes 3961 and 3944 

Lead, 3639 and 4051 

Copper, doublet present 

Silver, lines 3382 

Rubidium, hne 4201 

Tin, line 2863 

Cobalt, lines absent 

Nickel, (Mar* in, 1930), lines absent 

Vanadium ? 

Strontium absent 


Kidney Manganese, tnplet well marked , also Imes 2693 and 2798 

(Ashed in Platinum ) (sensitivity 1 and 1) 

Zinc, hnes 4810, 4722, 4680, 3345 (sensitivity 50a, 50a, 30a, 306) 
Alumimum, 3961, 3944, 3082 and 3092 
Lead, 2833 

Copper, doublet enhanced 
Vanadium, group enhanced 
Silver, 3382 
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Table I — concld 


HUMAN ORGANS 


Tin, 2839, 2863 (sensitivity 4a) 

Rubidium, 4201 

Cobalt, absent 

Nickel, absent 

Cxsium, absent 

Barium, absent 

Beiyllium, absent 


Liver* different samples Manganese, triplet well marked 
(Ashed in Sdica and Platinum ) Zmc, hues 4810, 4722, 4680 and 3315 

Alumimum, 3961, 3944 and 3082 

Lead, lines well marked 4051, 3639, 28 l > 

Copper, doublet present and enhanced 

Vanadium, group enhanced 

Silver, 3382 

Strontium, Imes absent 

Cobalt, hues absent 

Nickel, Imes absent 

Tin, hne 2863 

Rubidium, hne 4201 

Beryllium, hues absent 

C.£Sium, hues absent 

Heart Manganese, hne 2593 

(Ashed m Platinum ) Alumimum, hne 3082 

Lead, hne 2833 
Zmo, hne 3345 
Copper, doublet 
Silver, hne 3382 
Tin, lines absent 


Muscle 

( Ashed m Sihca ) 


Manganese, 2593 
Alumimum, 3082 
Lead, 2833 
Zinc, 3345 
Copper, doublet 
Tin, absent 
Silver, hne 3382 


Table H 


INDIAN VEGETABLES 

Bengal Rice Manganese, tnplet, 4034 45, 4033 07 and 4030 present 

(Ashed m Platinum ) Zmc, hues 4810, 4722 4680, 3345 

Alumimum, hues 3691, 3944, 3082 
Lead, hues 4057, 3639, 2833 
Copper, doublet present 
Rubidium, hne 4215 
Silver, hues absent 
Tm, hnes absent 

Vanadium, group 4379 to 4408 enhanced 

Cobalt, hnes absent 

Nickel, hnes absent 

Strontium, hne 4078 

Berylbum, hne 3321 
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Rangoon Rice 

(Ashed m Platinum ) 


Wheat 

(Ashed m Platinum ) 


White and Brown 

(Ashed in Platinum ) 


Mnsurl Dhal 

(Ashed m Platinum ) 


Mug Dhal 

(Ashed in Platinum ) 


Table W—conti 


INDIAN VEGETABLES 

Manganese, triplet present 
Zmc, linos absent 
Aluminium, hues (doublet) present 
Lead, lijies 4067, 3039, 2833 
Copper, doublet present 
Bubidium, line 4216 
Silver, hncs absent 
Tin, lines absent 
Vanadium, group enhaucca 
Cobalt, lines absent 
Nickel, hues absent 
Strontium, bne 4078 
Berylbum, hno 3321 

Manganese, triplet enhanced 
Ztac, lines JSIO, 4722, 4680 present 
Alumimum, doublet present 
Lead, hues 4067, 3639 
Copper, doublet present 
Rubidium, hue 4215 
Silver, hue 3382 
Tm, lines absent 
Vanadium, group enhanced 
Cobalt and Nickel absent 
Strontium, hue 4078 very marked 
Berylhum, Ime 3321 

Alt a Manganese, tnplet very enhanced 
Zme, triplet present 
Alummium, doublet present 
Lead, hnes 4067, 3639, 2333 
Copper, doublet present 
Rubidium, line 4215 
Sdver, hue 3382 enhanced 
Tin, hnes absent 
Vanadium, group present 
Cobalt and Nickel absent 
Strontium, line 4078 enhanced 
Beryllium, hno 3321 

, Manganese, tnplet present 
Zinc, tnplet present 
Alumimum, doublet well marked 
Lead, Imes absent 
Copper, doublet present 
Rubidium, hne 4214 
Sdver, line 3382 enhanced 
Tin, lines absent 
Vanadium, group enhanced 
Cobalt, Nickel and Strontium absent 
Beryllium, hne 3321 

Manganese, tnplet enhanced 
Zme, Imos 4810, 3346 
Alummium, doublet present 
Lead, hnes 4067, 3639 
Copper, doublet present 
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Table H— could 


INDIAN VEGETABLES 


Arrhar Dhal 

(Ashod in Platinum ) 


Beuli Dhal 

( Ashed in Platinutn ) 


Potato 

(Ashed in Platinum ) 


Brinjal 

(Ashed m Platmum ) 


Rubidium, lino^4201 
Silver, Ime 3382 well-marked 
Tin, lines absent 
Vanadium, group enhanced 
Cobalt, Nickel and Strontium absent 
Beryllium, bne 3321. 

Maugauese, triplet present 

Zmc, bne 4810 

Aluminium, doublet present 

Lead, lines absent 

Copper, doublet present 

Rubidium, bne 4201 

Silver, line 3382 

Tin, lines 2839, 2863 

Vanadium, lines enhanced 

Cobalt, Nickel and Strontium absent 

Berylbum, bne absent 

Manganese, tnplet present 
Zmc, lines 4810, 4722, 3315 
Alumimum, doublet enhanced 
Lead, bne 4037 
Copper, doublet present 
Rubidium, bne 4201 enhanced 
Silver, bne 3382 well marked 
Tin, lines absent 
Cobalt and Nickel, absent 
Strontium, bne 4078. 

Berylbum, absent 
Vanadium, group enhanced 

Manganese, triplet present 
Zmc, bnes 4810, 4722, 4680, 3345 
Alumimum, doublet present 
Lead, lines absent 
Copper, doublet jiresent 
Rubidium, Ime 4201, 4215. 

Silver, bne 3382 
Tm, Imes absent 

Cobalt, Nickel and Strontium, absent. 
Vanadium, group present. 

Berylbum, absent ^ 

Manganese, tnplet very famt 
Zmc, bnes absent 
Alumimum, doublet veiy famt 
Lead, absent 
Copper, doublet present. 

Rubidium, line 4215 
Silver, Imes absent 
Vanadium, group absent 
Tin, present 2363 
Cobalt and Nickel, absent 
Strontium, present 4078 
Berylbum, absent 
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Lady’s Finger 

( Aahoii 111 Platinum ) 


Puin ShaK 

(Ashed m Platinum ) 


Palong Shak 

( Ashed in Platinum ) 


mOIAN VEGETABLES 

Manganese, triplet present 
Zinc, absent 

Aluminium, doublet very faint 
Lead, absent 
Copper, doublet piesent 
Rubidium, line 4216 
Silver, line 3382 
Vanadium, group faint 
Tin, lines absent 
Beryllium, line absent 
Strontium, line 1078 

Alanganese, triplet present 
Zinc, bnes absent 
Aluminium, doublet present 
Lead, lines absent 
Copper, doublet present 
Rubidium, line absent 
Silver, line 3382 enhanced 
Tin, lines absent 
Vanadium, group present 
Cobalt and Nickel, absent 
Strontium, bne 4078 present 
Beryllium, line absent 

Manganese, triplet enhanced 
Zmo, bnes absent 
Alumimum, doublet present 
Lead, hues absent 
Copper, doublet present 
Rubidium, bne absent 
Silver, bne 3382 enhanced 
Tin, bnes absent 
Vanadium, bnes absent 
Cobalt and Nickel, absent 
Strontium, bne 4078 present 
Berylbum, line absent. 


Note — ^It will be seen that under the head Pancreas, sensitivity is mentioned for most of the main 
lines of the elements These sensitivity notations have been taken from Adam HUgers’ booklet 
‘ Sensitive arc bnes of fifty elements and the use of R U powder in spectroscopic analysis ’ The 
suffix (a) means most sensitive, (6) the next, and so on 


Summary of results 

These may be considered under two heads (1) Human organs and, (2) Indian 
food-stuffs 

(1) Human organs 

Manganese This element is very widespread in all organs but is particularly 
well marked m the pancreas, kidney and liver The lines are very faint m the 
case of brain ash 
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Zinc This olemont is also widespread and veiy maiked m the kidney and 

livei 

Ahinnnivm (Dee Tourtellotte and Eask, 1931) This is also widespread and 
well maiked m the kidney and liver 

Lead This is Avell marked m the livei and is also present in all the other 
organs examined except in the brain 
hon Present thioughout 
Copper Present throughout 

Rubidium This element appears to be common 
Silvei also common and particularly well marked in the biam 
Stionfium (Chaston-Chapman, 1930), Cobalt, Niclel (I^laitm, 1930) and 
Barium were found to be absent thioughout 

Tin (Bertrand, 1931) This was found in the pancreas, kidney, liver, spleen 
but absent in muscle, brain and heart 

Vanadium The lines of this element weie found to be enhanced in the kidney 
and liver but appeared to be absent in the spleen and brain 


(2) Indian jood-stuffs 

Manganese This element was found to be present thioughout but the lines 
were found to be enhanced in wheat, atta, mug dhal and palong shak 

Zinc This was found to be present in Bengal rice, wheat, atta, musuri dhal, 
arrhar dhal, beuli dhal, potato, but was not found in Rangoon rice, brmjal, lady’s 
finger, puin shak, and palong shak 

Aluminium This element was present throughout but was well marked in 
Bengal rice, musuri dhal, beub dhal, while it was very ill defined in brinjal and 
lady’s fingei 

Lead Lines were found in Bengal iice, Rangoon iice, wheat atta mug dhal 
and beuli dhal only. 

Iron and Coppei weie present in all the samples examined 
Rubidium This was found in all samples except puin shak 
Silvei This was found to be present in all the materials examined except in 
rice and brmjal It was well marked in atta, musuii dhal, mug dhal, beuli dhal, 
and puin and palong shaks 

Tin This was only found in arrhar dhal and brinjal 
Cobalt, Nickel and Barium were absent thioughout 

Vanadium This was well marked in rice, wheat and dhal It was absent 
in brmjal and palong shak 
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Sliu}iliuiii (Fo\ <iud Eamage, 1930) This was found to be well marked in 
wheat and atta and absent in musim dhal, arrhar dhal and potato 


Discussion 


"We ma-^ now compare our results with those of pievious workers in this field 
Aluminiwn The presence of this element in plants and animal tissues appeared 
to be a disputed point, for sometime McCollum, Rask and Becker (1928) 
considered from their work that this metal was not a constituent, while 
Kahlenbergh and Gloss (1929) found it to be universally present Our results 
agree with the latter wmrkers Manganese For this element our results agree 
with Bertrand and Rosenblatt (McCarrison, 1927) and also it may be noted 
that the lines were enhanced in the liver, kidney and pancreas in the case 
of the organs and in wheat, atta, mug dhal and palong shak m the food-stuff 
series It is particularlv interesting to draw attention to the work of 
McCariison (1927) on the effect of this element m the food-stuffs and its bearing 
on the growth of animals , oui results would appear to endorse his ideas that 
the excess of this element might be an important factor in the physical build 
of different people usmg different types of food-stuffs Strontium This element 
is common in vegetable substances but we have been unable to detect it in the 
human organs (Rama^ and Fox, 1930) 

The results of our spectroscopic analysis, we think, shows that the question 
of the presence and possible function of minute amounts of elements present in 
organs and plants still requires a large amount of research in feeding experiments , 
the role of these elements is still very obscure though possibly light is apparent in 
the case of copper and manganese, but we jet know little whether some of these 
elements present are purely accidentals or whether they play a specific role, 
possibly mter-changeable, in their function in different animals and plants The 
presence of some assuredly may be ascribed to contaminations from food-stuffs, 
such as in the case of lead, but we are not so certain when we consider 
the question of vanadium or even silver We may yet have to prove which m fact 
are essentials and which accidentals In that work spectrographic analysis 
should prove most useful and we can only at the moment summarize the results 
obtained by us 

Our best thanks are due to Professor Sir C V Raman for his interest and 
advice in the work We also thank Dr B Chakraborty, present Chemical 
Examiner to Government, Bengal, for his kindly supplying us with necessary 
materials 
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A CASE OF G-YNANDROMORPHISM IN SIMULIUM 

BY 

I I\I PURI, jr sc (Punjab) ph d (Cantab ), r E s , 

O^icei Tii-Chaige, Tnquuy on the Indian Siinulndw, Culicoides and 
oihe) Blood-Sucling Jihdges 

(Fioin the Centtal Research Institute, Kasauh) 


[Reecircd for publication, July 27, 1932 ] 


Abnokaialitibs are by no means common among adult Simulndaj Out of 
hundreds of specimens bred out of pupie only a single individual, hatched out of 
an isolated normal pupa belonging to S gnsescens var palmatum Pun, was 
peculiarly modified, showing secondary sexual characters of both sexes This 
gynandromoiph specimen is interesting in having the head of a female, the thorax 
half male and half female while its abdomen is typically male 

Gynandromorphism or the presence of characters of both the sexes in the 
same individual has often been observed in a number of families of msects A 
large number of such abnormal individuals have been recorded among Lepidoptera, 
and Keilm and Nuttall (1919) have desciibed different types of gynandro- 
morphism in Pedieulus humanis According to them, Cockayne (1916) has 
classified the various tvpes of gynandromorphs into three groups 

I Genetic hermaphrodites, in which the primary sex glands of both sexes are 
present 

il Primal y somatic hermaphrodites which possess gonad or gonads of one 
sex only, but parts of the secondary sexual apparatus, internal or external of both 
sexes are present 

III Secondary somatic hermaphrodites, ivhich possess gonad or gonads of 
one sex and the secondaiy sexual apparatus of that sex but have secondary sexual 
characters of both sexes 

Majority of the abnormal individuals desciibed before conform to group II of 
Cockayne and are of the nature of ‘ halved gynandromorphs ’ Although the 
gonads of the gvnandiomorph specimen of Simulium gnsescens var palmatum were 
not dissected out, it seems obvious from the secondary sexual characters described 
below in detail that this individual belongs to the third category of Cockayne 
J, m ( 801 ) Q 
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SpECiJfEN No 7827 

Head lesembles that of female gnsescens in every chaiacter The antennee 
are brownish yellow with the distal tluec to four segments nearly brownish black, 
the whole with a pale pubescence 

Thai ax — (Plate XXXIII, fig 1) Rtgld half (A) of mesonotiim velvet black 
resembling that of a male pi isescens in eveiy way (covered with fine copper-coloured 
pubescence, in the fore-cornei a shimmeiing silvery spot, only half of it being seen 
at a tune, a broad ash grey border externo-lateially and also posteriorly in certain 
lights) 

Left half (JB) of mesonotum is lilce that of a typical female in colour as well as 
in ornamentation The golden pubescence covermg it is comparatively coarser 
than that on the right half The black stupes on a dull ash grey surface, 
characteristic of the species are very clear and ■neli defined 

Abdomen (including the genital armature) is identical with that of a typical 
male g7 isescens 

Legs — The light limd leg is unfoitunately broken off in this specimen and the 
colour of the legs m the two sexes is practically the same in this species but an 
examination of the claws shows that those on the right legs (Plate XXXIII, fig 2) 
are like the ones found in the males (with a small basal hood), while those on the 
left legs are simple, resembbng the female claws of g) isescens (Plate XXXIII, 
fig 3) 

Wings as in gnsescens — The basal portion of the radius proximal to the fork 
on the right wung (Fig 4) is bare, as found in the male, while on the left (Fig 5) 
it IS hairy resembling the condition found in the female of this species 

PUPA. 

The pupa (respiratory filaments and cocoon) resembles that of a typical 
S gnsescens var palmatuni in every character 

This specimen was bred out of an isolated pupa collected, along with a very 
large number of others belonging to this varietj'’, to JS sti latum Brunetti and to 
pattoni S W , from the rushing waters of the Cauvery Eiver near Frazerpet, Coorg, 
(9-1-31) 
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The tliree species described in this paper belong to the sub-genus Simulium 
with somewhat flattened front tarsi and in the two species of which the females are 
known, the claws of female without any basal tooth and the tip of abdomen shining 
They are comparatively large in size and are characterized by having simple claws 
in the females and six respiratory filaments and a large somewhat boot-shaped 
cocoon in the pupal stage In all three of them the fore tarsi are only very shghtly 
flattened, which distinguishes them from all other species belongmg to the above 
sub-genus so far described in Parts I-V of this study They resemble the species of 
the striatum group dealt with in Part V, m that the outer surface of the fore tibise 
has only an inconspicuous greyish spot instead of the bright silvery spot present 
in the other species 


Simulium (Simulium) gravelyi sp N , 

FEMALE 

Head dark slate, with flne golden pubescence and scattered long black hairs on 
the occiput, the latter also present in a double row along the lateral borders of the 
face and the frons Frons dark slate, appearing greyish m certain fights, some- 
what shimng, comparatively small, narrower than the face, nearly parallel-sided 

( 803 ) 
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veiy slightly naiiowed in the logion of tho antoniire Face broad, dusted with 
ash grey The base of the antenna is brownisli yellow up to about the middle 
of the thud basal segment, while the rest is nearly black with very fine pale pube- 
scence The colour of the basal portion vaiics in the difteient paratype specimens 
fiom dirty yellow to nearly leddish Palpi black 

Tlionix — Mesonotum m covered with a fine golden pubescence (partly rubbed 
off in the type specimen) When viewed from in front the mesonotum appears 
grey with three faint biowmsh black stupes — a veiy narrow median and two 
broader sub-median, foiming an indistinct lyre-shaped pattern The sub-median 
stripes are continued along the anteiioi border and aie connected to a still more 
indistinct dark stripe along the lateral border All these stripes and the grey 
colour disappear as the specimen is turned forwards and the whole of the 
mesonotum becomes greenish black, very slightly shining When viewed from 
behind the posteiior one-fouith or so (mostly the prescutellai area) and the 
posterior ends of the median and sub-median stupes appear ash grey Scutellum 
browmsh black, covered with golden pubescence and having long black marginal 
hairs Pleurm slate grey, membranous area bare 

Abdomen with the first five segments brownish black (black in most of the 
paratype specimens), fringe of long bans on the basal scale golden, dorsum of 
segment 2 with the usual ash grey reflections, rounded chitinized tergites on seg- 
ments 3-5 comparatively larger than usual in the sub-genus Simtihum Tergites 
of segments 6-8 large, greyish black (black in a numbei of paratype specimens) 
somewhat shimng, sparsely covered with fine, pale haiis, a few present also on 
tergites of segments 4 and 5 Tei*mmalta (Plate XXXIV, fig 1) Short macrosetse 
on the ventral surface of segment 7 scattered on the posterior half, a few forming 
a group on each side of the median line comparatively stouter than the otheis 
Stermte of segment 8 narrow, somewhat iibbon-like, the middle third with the 
anterior border nearly straight, bearing a few (8-12) macrosetse on its lateral 
portions Anterior gonopophyses are of moderate size uniformly covered with 
minute microsetae arising in irregular rows and with 6-8 very short slender macro- 
setae near their anterior border Their inner borders are somewhat thickened and 
slightly divergmg from each other posteriori}'' Paraprocts and cerci of moderate 
size 

Zeffs — Fore coxae yellow, posterior ones black , all trochanters and femora 
golden yellow, the latter slightly brownish at the tip Fore tibiae browmsh yellow, 
gradually becoming dark brown on the distal half to one-third with the distal fourth 
black, the outer surface with inconspicuous pale grey dusting , tarsi black, very 
little flattened, first segment about six-and-a-half tunes as long as its greatest width 
near its distal end and about as long as the rest of the tarsi together Segments 
1 and 3 with a pair of long black hairs subapically on their posterior surface 
Middle and hind tibiae golden yellow with distal one-sixth or so nearly black and 
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a slight whitish sheen on the posterior surface basally , the basal half* of the first 
and the base of the second tarsal segments of the middle leg golden yellow, while 
nearly the basal two-thirds of the first and the base of the second tarsal segments 
of hind leg pale yellow, the rest of tarsi black Pedisiilcus well marked , calcipala 
of moderate size extending up to the former All claws simple The yellow 
portions of the legs with fine golden pubescence and with some long black hairs 
Wings hyaline, ladius bare up to the fork, radial sector simple Wing length 
about 3 25 mm Halteres lemon yellow 

The ventral surface of the buccal cavity at its posterioi end bears a large cluster 
of minute tubercles The /«)ca is comparatively small in size 

MALE 

Head black, with a fringe of long black hairs on the occiput Face whitish 
grey, sparsely covered with black hairs Antenme black with two basal segments 
brownish yellow (yellowish black in manj paratype specimens), the whole with a 
very fine pale pubescence Palpi black 

Tim ax — Mesonotum veh et black, coveied uniformly and fairly densely with a 
somewhat coarse golden pubescence"}" Anteriorly are a pair of large sh imm ering 
silvery spots, broadly separated in the middle The whole of these spots reflects 
light simultaneously (and not only half) In certain lights the mesonotum shows 
a narrow silvery border laterally and an inconspicuous one posteriorly (better 
seen in some paratype specimens), the lateral border continuous with the anterior 
spots Scutellum velvet black, covered witli golden hairs and a fringe of long 
black hairs Membranous area of pleurae bare 

Abdomen velvet black with sparse fine golden hairs on the dorsum, and on 
segments 3 and 4 a small cluster of long black hairs arising ventro-laterally 
Long hairs on the basal scale black Silvery spots as usual on segments 2 and 
5-7 armoiaie (Plate XXXIV, fig 2) Coxites are about as broad as they 

are long Styles are comparatively long, their length being about 3| times then 
greatest width near the base Beyond then basal one-third they become slightly 
narrow and are curved inwards distally From their dorso-internal surface near 
the base, each of the styles sends upwards and inwards a fairly large triangular 
process, which bears strong teeth distally and along its anterior border Each 
style bears a single short sub-terminal spine on its inner edge The mter-coxal 
piece (Plate XXXIV, fig 3) has a moderately broad base (6), about two-thirds as 
wide as the distance between the ends of the two inner arms or the apodemes (a) 
and from which a somewhat comcal process is produced downwards This process 

* About jrds in majonty of paratype specimens 
t Partly rubbed off m the type specimen 
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lias a rounded end and its anterior and lateial surface is covered with fine setee, 
while the posterior which is somewhat flattened is practically bare, having minute 
setee only near the distal end The cliitinous plate lying above and a little behmd 
the inter-coxal piece is elongated and narrow The clustei of spines on eaeh side of 
the gemtal opening is compaiatively laige 

Legs — ^Fore coxm pale yellow, posterior ones black, trochanters yellowish at 
the base, dark grey distally , femoia greyish yellow, greyish black near the distal 
end Foie tibise biowmsh black, black on the distal third, the outer surface with 
an inconspicuous pale giey spot, tarsi black, very slightly flattened, the first 
segment being a little over seven times as long as its greatest width near its distal 
end Middle tibue aie yellowish blown, biowni'jh yellow on the basal one-tbird 
with a whitish sheen on the posteiioi surfaee and nearly black on the distal thud , 
basal half of the first taisal segment yellowish black the rest of tarsi black 
Hind tibiae practically black ^ with a yellowish base, basal half of the first tarsal 
segment greyish yellow, the rest of bind tarsi black The hind basitarsus 
(Plate XXXIV, fig 4) is moderate^ expanded Its length is about 0 75 of that 
of the hind tibi£e and its greatest breadth is about 0 7 of that of the latter and 
about a quarter its own length The legs bear coaise bright golden pubescence, 
best seen on pale portions 

Wings as m female Wing length about 3 0 mm. 

PUPA 

Size about 4 0X14 mm 

The integument of the head and thorax brown, densely covered with minute 
disc-hke tubercles, except on the region of the metanotum where the tubercles are 
smaller and sparse Head and thoiacic tnchomes as in Imnalayense — only 4 pairs 
of tnchomes on the thorax doisally These aie fairly long and simple Dorsal 
and ventral hooks on the abdomen as in himalayense, a pan of well-developed 
strongly chitimzed hooks present on the ventral surface of segment 4 Dorsally 
along the anterior border of segments 8 and 9 only, is an irregular row of poorly 
developed cuticular spines, those on segment 9 bemg bettei developed than on 
segment 8 

RespDatouj filaments (Plate XXXIY, fig 5) are grey in coloui, 6 on each side, 
arranged in three almost sessile pans The filaments decrease in thickness but 
increase m length from above downwards The uppermost filament is directed 
upwards and inwards from its origin and is even Jess than half the length of the 


* In some parafcype specimens the hind tibiae and the first tarsal segment are not so dark The 
tibi.B are yellowish black on the basal two thirds and black distally, and the basal trvo thirds of the 
first tarsal segment is yellow, the rest black 
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lowermost one which is the longest, nearly half the length of the pupa and is 
directed practically straight out The surface of the filaments is raised into 
tubercles of two sizes — the large ones are placed on ridges forming a reticular 
pattern and the smaller ones aie scattered on the interspaces 

Cocoon (Plate XXXIV, fig 6) is duty yellow in colour, closely woven, 
without any windows and interspaces in the mesh It is boot-shaped with the 
large irregular opemng directed upwards Its lateral and ventro-lateral border is 
produced forwaids as a large flap-like piojection on each side and has a deep notch 
mid-dorsally The length of the cocoon from its posterior end to the anterior 
border of the opemng is about 4 8 mm , the greatest width about 1 6 mm and the 
extension beyond the base or the attached portion of the cocoon, is about one- 
third the total length 

Described from 31 females and 20 males, all in good condition and nearly all 
bred out of isolated pupie collected from the stream above Silver Cascades (24-1-31) 
and from another large stream below Fairy Falls (25-1-31), both in Kodaikanal 
(6,000 to 7,000 ft ), Palm Hills, South India 
Types and paratype in my own collection 

I have great pleasure in naming this species /S after Dr F H Gravely, 

Diladras, who first collected large numbers of larviB and pupse of this species from 
Silver Cascades (6,000 ft ), Law’s Ghat, Kodaikanal, Palm Hills, 17-5-1929 In 
the stream above Silver Cascades (6,000 ft ) I found (25-1-31) the rock in some 
places covered with innumerable larvae and pupae all belonging to this species, the 
pupae forming a complete covering, often attached one above the other, two to 
three deep 


Simulium (Simuhum) palniense SP n 

This species closely resembles 5 gravelyi but the males, females and pupae 
show certain distmctive and constant characters on which they can be easily 
identified from those of the latter species 

FEMALE 

Head is bke that in giavelyi but comparatively darker The occiput bears 
only black hairs which are present on most of the frons also The two basal anten- 
nal segments are blackish red, but then colour varies from yellowish black to 
reddish black in the difierent paratype specmiens, the rest of the antennte being 
always black, with very fine pale pubescence 

Thorax too is comparatively darker than in gravelyi Mesonotum covered 
with a fine golden pubescence (partly rubbed off in the type specimen) When 
viewed from in front only the anterior one-third of the mesonotum appears grey 
(lateral portions paler than the median third) with three verv famt dark lines as 
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in the other species Scutellum nearly black, with some golden pubescence and a 
number of short and long black hairs along the margin Pleura3 slate grey, mem- 
branous aiea bare 

Abdomen (along with teiminalia) is as m except that the macrosetEe 

on the ventral suiface of segment 7 are practically of the same si/e, those on either 
side of the middle line not being stoutei than the others , the anterior border of the 
middle third of the narrow sternite of segment 8 is usually broadly curved, the 
maciosetm on this sternite aie moie numerous, 12-18 in numbcx (Plate XXXV, 
fig 7) and the maciosetie on the anteiior gonopophyses are comparatively longer 
than in g)avehji 

Legs — Fore coxm gieyisJi jellow, posteiior ones black, all tiochanters and 
femora nearly black with somewhat yellovish bases Foie tibiEe yellowish dark 
grey, gradually becoming black on the distal one-third, the outer surface with 
inconspicuous pale grey dusting , tarsi black, slightly flattened, the fiist segment 
about 7 times as long as its greatest width near its distal end Middle and hind 
tibia greyish yellow basally, gradually becoming darkei distally, black on the distal 
half with a whitish sheen on the posteiioi surface basally Basal halves of the first 
tarsal segments of the middle and hind legs and the base of the second segment of 
the hind leg yellow, the rest of tarsi black Fine golden pubescence mostly on the 
pale portions of the legs All claws simple 

Wing as in giavelyt Wing length 3 14- mm 

MALE 

Head as in giavehji The two basal segments of the antennee are brownish 
black, the rest of the antenna black with fine pale pubescence In a number of 
paratype specimens the antennae are all black 

Tho)ax — ^Mesonotum velvet black, uniformly but sparsely covered with a fine 
somewhat coppery pubescence (partly rubbed oft in the type specimen) Anteriorly 
are a pair of large shimmermg silvery spots broadly separated in the middle 
Practically the whole of these spots reflects light sunultaneously In some 
paratype specimens the anterior boidei between the spots and the region just 
posterior to them is also slightly silvery grey In certam lights the mesonotum 
shows a silvery lateral and posterior bolder as well Pleurge with ash grey 
reflections 

Abdomen is like that of giavelyi except that the base of the inter-coxal piece 
(Plate XXXV, fig 8) is comparatively narrower being only about one-third as wide 
as the distance between the ends of the arm-like apodemes From the base a 
narrow keel-like process is piodueed downwards and forwards, having a flattened 
postero-ventral surface and rounded finger-like distal end On the proximal two- 
thirds tire lateral edges of the flattened posterior surface ai e broken up by a row 
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of poorly developed teetli (Plate XXXV, fig 9), while the antenor surface is covered 
with backwardly directed setie which are also present along part of the edge of the 
posterior surface The distal end of the process is smooth The chitinous plate 
lying above and a little behind the inter-co\al piece is somewhat widened 
posteriorly and the cluster ot spines on each side of the genital opening is 
comparatively small 

Legs are black, except for a large inconspicuous pale giev spot on the outei 
surface of foie tibiai, the bases (piacticallv the joints only) of the middle and hind 
tibue which aie whitish, and the yellowish black basal one-third of the first tarsal 
segment of the luiid leg The foie taisi are veiv little flattened, the first segment 
being a little longer than eight times its greatest width near the distal end The 
hind basitarsus is comparatively more expanded than in giavelyi, its length bemg 
about 0 76 of that of the hind tibiie and its greatest breadth about its middle about 
0 85 of that of the latter and about 0 28 of its own length (Plate XXXV, fig 10) 
Fine golden pubescence is present onlv on the pale portions of the legs 

Wings as in female 

PUPA 

The pupa is of the same type as that of S giavelyi except that the thoracic 
tnehomes are comparatively much shorter than m the latter species and that rows 
of cuticular spines along the anterior borders of abdominal segments 8 and 
9 are much better developed and a row, broken in the middle, is also present on 
segment 7 The lespiiatoiy filaments are white, about half as long as the pupa, 
6 on each side, arranged in three pairs, only the middle one of which appears to 
have a short stalk AH the filaments aie moie or less of the same thickness and 
practically of the same length The uppermost filament is directed forwards and 
a little upwards while the lowermost runs forwards and a little downwards, the 
rest of them spreading more or less umfortnly in between these two The wall 
of the filaments as in gravelyi 

The cocoon resembles that of giavelyi 

Described from 32 males and 27 females all in good condition and bred out of 
pupae (only a few from isolated ones) collected together with those of S gurneym 
S W , gnsescens Brunetti and gi avelyi, from a large stream below Fairy Falls 
(about 7,000 ft ), Kodailranal, Palm Hills, South India, 25-1-31 

Tj^es and paratype in niy own collection 

Simuliuin (Simulium) tenuitarsus SP 

MALE 

Head black, with a fnng(' of short black lun on (l\o ooiMjml. [''.u'e whitidi 
grey with scattered blicK Iimiim Antennto d.uK bi'own, with (ho ba> il (hvOvl 
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segments somewliat }cllo\\isli blown in their pioximal halves and with very fine 
whitisb pubescence as usual Palpi black 

Tliomx — ^Mesonotum velvet black, densely covered with coarse golden 
pubescence In the foie coiners are a pau of large, iridescent, silvery spots (with 
a slight bluish sheen), broadly separated in the middle The w'hole of these spots 
reflects light at one tune In ceitain lights the mesonotum shows a broad silvery 
border laterally and somewdiat palei posteiioilv and also a slight giey colour 
between the two anteiior spots Scutellum is blown covered wuth coarse golden 
pubescence and has a fringe of long black bans Pleurie slate grey, membranous 
area bare 

Abdomen velvet black with scattered fine golden pubescence and with the 
usual silvery spots on segments 2 and 5-7 , long hairs on the yellowish black basal 
scale golden black Genital annatme closely resembles that of S giiseifions (Pim, 
1932) The styles are long, being only a little less than four tunes its greatest width 
near the base Beyond the basal one-third, the styles become gradually narrowed 
and broaden out slightly again in the distal one-fourth On their dorso-internal 
surface near the base each of the styles bears a tnangulai protuberance directed 
slightly upwards, inwaids and forwards towards the base These processes 
axe strongly toothed along their free edge and appear comparatively smaller 
than those present in gnseifions The inter-coxal piece (Plate XXX V, fig 11) 
has a moderately bioad base fiom which a short giadnally narrowing 
tongue-like process projects downwards [In one of the paiatype specimens 
in which the inter-coxal is not as distended as in the other the process 
IS turned slightly forwards and it has a narrow distal end which is suddenly 
bent backwards again (Plate XXXV, fig 12)] The posterior surface of 
the process is smooth but the anterior and ventral bears irregulai lows of 
minute setae 

Legs — Foie coxae greyish yellow, posterior ones black , trochanters dark grey, 
somewhat yellowish basally , femora brownish black, somewhat yellowish at the 
base and nearly black near the distal end, the middle femora comparatively paler 
than the others Fore tibiae black, practically without any grey spot on its outer 
surface, only slight greyish sheen basally , tarsi black, slightly flattened, the length 
of the first segment being about 7 tunes its greatest wudth near its distal end 
Segments one and three with the usual pair of long black bans sub-ternunally on 
their posterior border Middle tibiae brownish black with a yellowish base and 
distal half to one-thud black , first tarsal segment difiusedly vellowash black on 
the basal half, the lest of hmd tarsi black Hind tibiae black with a some'ahat 
yellowish basal end , basal half of the fiist and the base of the second tarsal segment 
yellowish black, the rest of hind tarsi black Hind basi tarsus (Plate XXXV, 
fig 13) moderately broad It is only a little shorter than the hind tibiae (0 9 of the 
length of the latter) and its greatest width in its distal one-third is 0 85 of that of 
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SimuUum gravelyi sp n 


Fig 1 Ventral view of terminalia of a paratype female 

„ 2 Ventral view of gemtal armature of a paratype male Left style and 

cerci not shown Scale as m Fig 1 
„ 3 Ventral view of inter coxal piece (a — apodemes, 6 — base) 

„ 4 Tibia, basitarsus and 2ud tarsal segment of right hind leg of a paratype 

male 


5 Parts of pupal respiratory filaments of left side Scale as in Fig 4 

6 Lateral view of cocoon (pupa in situ) 
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Stemite of segment 8 and palniense sp n 

T.bi% b-base) 

various parts egment of right hind ktr of mni u 

o “ ®’ showing the relative sizes of the 

Ventral view of inter coxal piece If tarsus sp h 

Ventral view of part of the i£ter codf male 

(ocales as for figures nf r»i-. 
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the lattei and about one-fourth its own length (Cf gnsezfions)* Calcipala and 
pedisulcus both well marked Fine golden black pubescence mixed with black 
hair present on the legs, the latter predominating 

Wings normal hyaline, radius hairv throughout its length, radial sector a 
simple, concave vein Wmg length about 3 1 mmf Halteres yellow 

PUPA 

Size about 3 3x11 mm 

The integument of the head and thorax is brown in colour, ivith disc-like 
tubercles scattered all ovei, those on the anterior three-fourths of the mesonotum 
comparatively large and closei set than on the rest The dorsal sub-median. group 
of trichomes on the thorax is formed of three pairs so that there are five pairs of 
tiichomes on the mesonotum dorsally These, as well as the three pairs of sensory 
hairs on the head, divide tw'o or three tunes a little above their base, so as to form 
7 to 9 long branches The cuticulai hooks on dorsal as well as on the ventral 
surface of abdomen are as m Imnalayense, with a sensory hair somewhat strongly 
chitiuized on the ventral surface of segment 4 Dorsally there is a row, broken 
in the middle, of the usual backwardly directed cuticular spines along the anterior 
border of segment 8, a few very small spines being present also on segment 7 Sub- 
terminal spines piesent on segment 9 

Respiratoiy filaments (Plate XXXV, fig 14) are white in colour on their basal 
half and gradually become grey distally They are a little more than one-third 
the length of the pupa, six on each side, arranged m three pairs, the upper and lower 
of which have short stalks while the middle one is almost sessile The uppermost 
filament is directed upwards and forwards and the lower a little downwards and 
forwards, the rest of them spreading more or less uniformly in between them The 
filaments appear somewhat swollen in then basal half Their surface is broken 
up bj^ transverse ridges which bear minute tubercles, resembling the arrangement 
found in himalayense 

Cocoon IS dirty brown m colour, boot-shaped, its opening directed upwards 
Its length from the posterior end to the anterior border of the opening is about 
5 0 mm and that up to the posterior border (of opemng) about 3 3 mm Its 
greatest width is about 1 7 mm The cocoon is very loosely woven, particularly in 
the anterior portion, to some extent approaching the condition found in S stnatum 
(Pun, 1932a), though the mesh is comparatively closer than in the latter species 

* The hind basitarsus m griseijrons (male) is comparatively much broader and moreover uniformlj 
broad practically tlirougbout its length Its greatest width about the middle is a httle more than 
one third its length [and not about half as erroneously stated in the origmal description of the male 
(Puri, 1932)] 

t Wmg length in type male of gnseiftona is about 2 7 mm 
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Described from tbiee males, two bied out of isolated piipoe , all collected from 
a large stream north of Marianbarie Tea Estate, Bengal Terai (March 1928) 

Type and paratype in my own collection 

This species closely lesembles S gnseifions Brunetti but the lack of a 
conspicuous silveiy wliite spot on the fore tibiae, comparatively narrow fore tarsi 
and hind basitarsus, comparatively darker legs and the somewhat different form 
of the inter-coxal piece in the male and the fewer branches of the thoracic trichomes 
and the somewhat difierent natuie of the respiiatory filaments and the cocoon in 
the pupa at once distinguish it as a species quite distinct from the latter 
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STUDIES ON INDIAN SIMULIID^ 

Part VII 

DESCRIPTIONS OF LARVA, PUPA AND FEMALE OF SI MU LIU M 
NODOSUM sp NOV , VUTH AN APPENDIX DEALING 
VUTH S NOVOLINEATUM nov nom 
(= S LINEATUM PURI) 

BY 

I M PURI, M sc (Punjab), ph d (Cantab ), f e s , 

Officer In-charge, Inquiiy on the Indian Simuliidce, Cuhcotdes and 
other Blood-Suchng Midges 

(From the Central Research Institute, liasauh ) 

[Received for publication, September 26, 1932 ] 

Ajiong a very large number of specimens bred out of isolated pupte collected 
from tbe rusbing waters of tbe Cauvery River near'*' Frazerpet (Coorg), a single 
female specimen was hatched out of a pupa, having somewhat peculiar respiratory 
filaments An examination of the adult shows that it possesses the characters of 
the sub-genus Simulium, as defined by Edwards (1931), i e , havmg the basal 
section of the radius bare, fore tarsi flattened, claws without a basal tooth and 
the tip of the abdomen shimng The terminaha of the adult and the pupal 
respiratory filaments appear markedly difierent from those of any other species 
in this sub-genus described so far, but their characters are not such as to justify 
putting this species in a sub-genus separate from Simulium 

Simulium (Simulium) nodosum sp n 

FEMALE 

Head black, with short black hairs on the occiput, a few present on the face 
and also along the lateral borders of the Irons Frons black, distinctly shimng. 


* Under tbe bridge spanning the nver just before the Mysore Meroara Road enters Coorg temtory 
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comparatively wide, ncaily one-thud the width of tlie head, somewhat parallel- 
sided, being very little nan owed in the legion of the antcninc Its greatest width 
near the top is about thiee-fouiths its oivn length Face also comparatively 
broad, dull, silveiy grey Anteniue biownish black, with the two basal segments 
yellowish blown, the dailc portion with a fine pale pubescence Palpi 
black 

Tlmax — jMesonotum black’', markedly shining wuth a slight metallic lustre, 
sparsely covered with very fine short black hairs Scutellum black, with only a 
row of long black hairs, a few present also on the prescutellar area Pleurae black, 
membranous area baie 

Abdomen black, practically bare , fringe of hairs on the basal scale very short, 
somewhat golden black , second tergite with the usual greyish reflections , tergites 
of segments 6-8 ver)'- large, black, shining, sparsely covered with fine black bans 
A small cucular somewhat shimng black teigite also seen on segment 3 Teinnnaha 
(Plate XXXVI, figs 1 and 2) The ventral surface of segment 7 bears short, 
widely separated simple hairs Steimte of segment 8 appears to be of a pecuhar 
shape as shown in Fig 2 Its anterior border is broadly curved with long drawn 
out narrow lateral ends, while its posterior border is produced backwards on each 
side of the middle line as two broad processes directed a little downwards and 
inwards (Fig 1) These processes look like anterior gonopophyses but they do not 
show any line of demarcation separating them oft from the main stermte and 
a thinly chitinized portion of the stermte appears to lie between the posterior 
process and the lateral end of the corresponding side Except for a small area 
m the middle, the stermte bears short macrosetae more or less uniformly scat- 
tered on it and a cluster of stout and long ones near the distal end of the paired 
processes The anterior gonopophyses appear to be much reduced and are placed 
along the inner borders of the posterior processes of the 8th stermte They are 
thinly chitimzed and bear only microsetee on them The paraprocts are excep- 
tionally large and strongly chitinized, bearing a cluster of fauly strong setae at 
their posterior end The cerci are of moderate size. 

Legs — Fore coxae and trochanters yellow , femora browmsh yellow, brown 
distally , tibiae black, with a large silvery spot on the outer surface, the latter fairly 
conspicuous , tarsi black, flattened, the first segment about four times as long as 
its greatest width near its distal end , segments 1 and 3 with a pair of long black 
hairs sub-apically on their posterior border Middle and hind coxae black, trochan- 
ters yellow , femora and tibiae black, the former slightly pale at the base and the 
latter with a pale grey sheen on their posterior surface basally The first three 


* In a specimen, belonging to this species, m the collection of the Imperial Agriculture Institute, 
Pusa, the colour of the thorax: is shghtly brownish but this is due probably to the specimen being 
somewhat discoloured as the head and also the black portions of the legs are brownish 
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tarsal segments of the middle leg and the basal three-fourths of the first and the 
basal halves of the second and third tarsal segments of the hind leg pale yellow, 
the rest of tarsi black Calcipala of moderate size, pedisiilcus well marked All 
claws simple Yellow parts of legs with fine pale pubescence 

Wings normal, hyaline ladius baie up to the fork, radial sector a concave vein, 
bearing set® on its ventral surface Wing length about 2 0 mm Halteres are 
pale lemon yellow 

The posterior border (Fig 3) of the ventral surface of buccal cavity strongly 
chitimzed and with a laige number of short, close-set, spinc-like projections in a 
cluster along its hmdei border These spines are produced into the pharjngeal 
cavity The posterior aims of the furca are comparatively short and someuhat 
curved Speimatheca single, globular and umformly dark brown as usual 


PUPA 


Size about 2 2x08 mm 

Integument of head and thorax is brown, smooth and free from tubercles 
except on the posterior half or so of the thorax which is sparsely covered with very 
minute ones which are more or less spinous m form The trichomes on the head 
and thorax aie very short and simple, the doisal group on the thorax, composed of 
four pairs The cuticiilar hooks on the dorsal as well as on the ventral surface 
of the abdomen are as m Imnalayense, a pair of strongly chitimzed hooks present 
on the ventral surface of segment 4 Dorsally on segment 8 there is a poorly 
developed row, broken in the middle line, of backwardly directed cuticulai spines 
along the anterior border, a few small spines being also present on segment 9 The 
sub-termmal spines are absent 

Respiratoiy filaments (Plate XXXVI, fig 4) are very short, three m number, 
much dilated, in the form of three clubs, the ventral longest of the three They 
are pale grey in colour The surface of the filaments is raised into poorly developed 
ridges forming a reticular pattern, very minute tubercles covering the mterspaces 
and a little larger ones present on the ridges 

Cocoon IS dirty yellow in colour, of the ordmary wall-pocket shape, closely 
woven, without any interspaces or windows m the mesh, about 2 6 mm long and 
0 9 mm broad near its open end 

Described from a single female specimen, in fairly good condition, hatched out 
of an isolated pupa collected from the rushing waters of the Cauvery Elver near 
Frazerpet (Coorg), 9-1-1931, along with a large number of other pupae belonging to 
S sti latiCm Brun and 8 gnsescens var palmatum Pun 

Type in my own collection 


In the collection of the 


IS a single female belonging 
P E P.’ 


Imperial Agriculture Institute, Pusa (Bihar, India), 
to this species marked ‘ Pusa, Bengal, 30, in, 1908 
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LAEVA (full-giowu) 

Length about 3 8 mm coloui pale diil-y biownish yellow 

Head light golden blown, piactically of a nnifoim coloui, with practically no 
markmgs on it The pooily chilmizcd aiea on its vential surface faiily wide, 
extending anteiiorly neaily up to the sub-mentum (Plate XXXVT fig 5) Antenna 
4-segmented, basal segment about two-thuds the length of the second, which 
appears to be divided into two segments about its middle but the division is not 
complete , 3rd segment a little longer than the fiist Filaments forming the 
cephalic fans numbei 35 on each side Mandibles beai three small teeth 
in the sub-terminal row, and 7 spine-hke teeth in the low a little proximal 
to the sub-terminal teeth The tooth-like process of the innei border, in the 
region of the spine-like teeth and the cliistei of bans behind the terminal teeth, 
aie as m fig 6, Plate XXXVI Maxillm of the usual foim (Puii, 1925) 
Sub-mentum (Fig 7) has 9 teeth in the fiont low and a row of foiii on each 
side The median tooth and the one at each end of the front low are larger 
than the others , the thud tooth fiom each end is the smallest in the row 
The posterior sucker has about 70 rows, each low having 10-13 hooks The 
anal chitinization is as shown in Fig 8 Vential papillee are not present at 
the posterior end 

Described fiom a single full-grown larva, which was about to pupate, 
collected fiom the Cauveiy Eiver neai Fiazeipet, together with the pupa from 
which the female specimen described above was hatched out 

In the adult stage this species closely resembles S mtidithm ax and S Imii- 
pannus, but besides the other distinguishing characters, its terminalia alone 
are quite enough to differentiate it fiom either of the lattei two species 
The silvery spot on its fore tibne is not as bright as that in the latter two 
species In this character it appears to be intermediate between the species 
described m Paits I-IV of this study and those dealt with in Parts V-VI The 
females of the three species — nitidithoiax, Imlipannus and nodosum, differ 
from all other Indian species belonging to the sub -genus Simulmm in having a 
distmctly shinmg mesonotum, with a metallic tinge and with a sparse covering 
of very fine daik hairs These three species, which in general appearance 
look almost alike, can be difiei entiated very easily from one another by the 
followmg synoptic table — 

1 Claws witli a sub basal tooth , a large, median cluster of 

spbt hairs on the ventral surface of the abdominal 

segment 7 S hirtipannns Pim 

Claws simple , hairs on ventral surface of abdominal 
segment 7 simple and more or less uniformly scattered 

2 Face black, shining 
Face dull, dusted with ash grey 


S nitiditliorax Pun 
S nodosum sp uov 
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Simulium nodosum sp n 


Pig 1 Ventral view of tenmualia of type female Pig 2 Lateral view of terminaha of type 
female Pig 3 Posterior end of ventral surface of buccal cavity, showing bucco pharyngeal arma 
ture Pig 4 Respiratory horns (filaments) of left side of pupa (Reticular arrangement of ridges 
shown on the lower filament only ) Pig 6 Part of ventral surface of head capsule of larva showing 
the extent of the hghtly chitinized area Pig 0 Ventral view of the end of (left) mandible of larva 
(Scale as in Pig 3 ) Pig 7 Dorsal view of submentum of larva (Scale as in Pig 1 ) Fig 8 Anal 
chitinization at the posterior end of larva 
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APPENDIX 

Simulium (Simulium) novohneatum NOV nom 

= S Itneahim Pun, 1932 

The name hneaium is pieoccupied by Meigen’s Euiopean species Simuhuni 
hneatum {=Melusina hneata, 1804) lu which, according to Enderlem (1930), the 
fore-tarsi are not flattened and which belongs to his sub -family Neveiwannitnce 
and the sub-genus Wilhelmia Consequently, I have re-named the Oriental 
species, Stmultimi hneatum Pun (1932), as Simulium novohneatum nov nom , 
which belongs to the sub-genus Simulium, with markedly flattened fore-tarsi 
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A YEAR’S OBSERVATIONS IN CALCUTTA ON THE INVASION 
OF THE SALIVARY GLANDS OF ANOPHELES STEPHENSI 
BY MALARIAL SPOROZOITES, AND THE INFLUENCE 
OF SOME CLIMATIC CONDITIONS 

BY 

C STRICKLAND, m a , m d (Cantab ), 

Professoi of Medical Entomology, 

D N ROY, MB, D T M (Cal ), 

Assistant Professoi of Medical Entomology, 

AND 

H P CHAUDHURI, ai b (Cal ), d p h (Lend ), d x m & h (Lond ), 

p R s s (Lond ) 

[From the School of Tropical Medicine and Hygiene, Calcutta ) 

[Received for publication, August 13 — Septembei 30 1932 ] 

Many workers have recorded the presence of sporozoites in Anopheles step- 
hensi, and we will refer below to some of their observations in conjunction with 
our own findings regarding the invasion of the salivary glands of this species 
during the course of a year’s expeirmental work in Calcutta 

Material and methods 

W e used laboratory-bred mosqmtoes and fed them on cases of malaria of any 
species of human Plasmodium 

In these cases the gametocyte-count had usually been taken and shown at least 
40 per c mm of blood, but in our earber essays a count was not always made, 
reliance bemg placed on the gross appearance of a slide Counting was carried 
out by Sinton’s standard fowl-cell suspension method, and in connection with this 
work we are much indebted to Dr B M Das Gupta, who has been kind enough to 
let us make use of those gametocyte counts that had been taken by him from oui 
hospital in-patients We ourselves did the counts in those patients who attended 
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the oxit-patients’ depaitment, and appealed, on a pieliminary examination of a 
blood-film, to have a sufficient number of gametocytes for our puipose 

After the infecting feeds the mosquitoes weic placed in cages in the laboratory, 
but otherwise they were kept undei ‘ natural ’ conditions, being sustained on raisins 
and moistened lint only That the conditions m the laboratory inside the cages 
were not maikedly difterent from those outside the cage, or the conditions of either 
site from those at the Bowba/ar Meteorological Station, is seen from the following 
comparative figures taken by us within the period 3id to 25th May, and one of 
us (H. P C ) has shown that any difieiences in the temperatures were insigni- 
ficant, and the Bowbazar^ figures have therefore been mainly utilized for the 
correlations in his analysis of our infection-iates 


Time of reading 

Average | 

temperature 
inside cage 
“F 

Average 
temperature 
outside cag( 

°P 

Days 

Bou bazar Station, 
average for same 
dates as laboratory 
readings 

op 

10 — 10 30 A M 

dry bulb 

fi 

87 61 

89 27 

18 



wet „ 

i: 

79 4 

78 72 

18 

1 

2pm 

dry bulb 

/ 

89 64 j 

01 76 

' 17 



wet „ 

1 

79 62 j 

78 20 

17 


4pm 

dry bulb 

/ 

90 6 1 

1 

91 58 

12 

93 3 


web „ 

i 

80 91 j 

SO 83 

1 

12 

80 5 


The ‘ diy bulb ’ reading was always a little higher outside the cage than inside, 
whereas the vapour-tension was always a httle greater inside the cage, and the 
‘ wet bulb ’ temperature therefore higher than outside 

The first feed was given on 22nd January, 1931, and the last 29th February, 
1932, and during this period 62 batches weie fed 

The least peiiod that elapsed before we dissected any of the mosquitoes was 
8 days, when the glands of 2 mosquitoes were found heavily infected The longest 
interval was 44 days when 4 mosquitoes were found sterile , 24 others, however, 
of the same batch, dissected between the 18th and 28th day, were also 
sterile The longest interval after which we found sporozoites in the glands was 
41 days 

Without analysis of our observations with regard to the species of parasite or 
any other particular circumstancef of our work, we found during the whole period 

* The figtires for ‘ mean humidity ’ that have been utili/sed by him were on the contrary obtained 
from the Ahpore Observatory 

f Except that the results are not inclusive of feeds when the gametocyte count was less than 
40 per c mm (unless otherwise stated), 
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of our inquiry sporozoites m the salivary glands of 207 out of 664 mosquitoes, 
1 e , in about 31 per cent, and we will now analyse these figures 


Periodic variations in the infection rate 
Table I 


Period 

Evanimed 

Glands mfectcd 

Rate per cent 

22-1-31—7-2-31 

48 

42 

91 3 

10-3-31—13-7-31 

393 

i 

3* 

0 74 

14-9-31—18-2-32 

226 

161 

i 

72 0 


* A ‘ very scanty ’ infection m eacli cose 


We may theiefore call the period March to July the off season, and the cold 
weathei months the infective period Unfortunately owing to circumstances over 
which we had no control, we have no recoids for August and October, while 
September and Pebruaiy were haison months 


i\IONTnLY VARIATIONS 


Table II 


‘ Infective season ’ 


‘ Off season ’ 


‘ Infective season ’ 


Seasons 


I January 1931 

[ February „ 

■ March , 

April 

May „ 

June „ 

July 

' September „ 

October „ 

November „ 

December „ 

January 1932 
. February „ 


Number of 
mosquitoes 

Glands 

infected 

Remabks 

15 

11 

3 noted as ‘ scanty ’ 

31 

31 


67 

1 

‘ very scanty ’ lufec 
tions 

37 

0 


31 

0 


130 

2 

‘ very scanty ’ mfec 
tions 

128 

0 

61 

27 

13 noted as ‘ very 
scanty ’ infections 

29 

29 

6 noted as * very 
heavy * infections 

45 

33 

2 noted as ‘ very 
heavy * infections 

59 

57 

31 

15 
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Tie above periodic rates appeal to point to the conclusion that the conditions 
of the Calcutta cold weathei are optimal for the development of the parasites and 
that during the hot weathei as well as the ‘ rains ’ there is a defimte check to the 
invasion of the glands by the paiasite {see Chart 1) The conditions favourable 
to the development of the parasite had a gradual onset in September, for not only 
was the rate of infection in this month intermediate in degree between the preceding 
and succeeding peiiods, but of the 27 mosquitoes that weie then found infected, 
13 were described as ‘ very scanty this never having been noted in the ‘ infective 
season’ when well-established Similarly at the other end of the ‘mfective 
season ’ the figiues foi Februaiy, in the two years 1931 and 1932 combmed, showed 
a decline fiom the cold weather infection-rate 

Chart 1 

Inveise lelattonship of physical factors to infection 



The mfectioa-rate 
in A stephensi 


The coefficient of correlation and other measurements between these infection- 
rates and the physical conditions prevailing has been worked out by one of us 
(H P C ) whose note is mcluded in this paper 
This subject is discussed further on page 833 
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Influence op gametooye-density in the infecting feeds 
The greatest number of gametocytes that led to infection m the mosqmtoes 
recorded m Table II was 1,200 per c mm and the least 40 per c mm the 
latter being on one occasion responsible for a ‘ very heavy infection ’ 

Eoi the purpose of the following analysis of the matter, we have utilized 
not only those data that relate to the mosquitoes fed on blood showing a 
gametocyte-count of at least 40, but in addition some other observations 
when the gametocyte-count was ‘ less than 40 ’, and of this material we 
have only analysed that for the 3 months — November to January, when, as 
Table II shows, there was least variation in the infectivity-rate, so that 
the factor of season, so strongly indicated there, might be minimized as far 
as possible 

The following table then shows the relationship between the infection-rates 
and the gametocyte-counts durmg this period — 


Table III 


Gametocyte counts 
per c mm i 

Esammed 

1 

Infected 

Infection rate 
per cent 

480—1,200 

1 

43 

43 

100 

120—180 

37 

37 

100 

40—80 

55 

39 

71 

Less than 40 

36 

1 

11 

31 


It will be seen therefore that during the period of greatest mfection (November 
to January), a gametocyte-count of 120 per c mm and over was sufficient to 
produce a 100 per cent infection, whereas with a count varymg from 80 to 40 there 
was a dechne m the infectivity, and below 40 a further dechne 

Accepting this view, the comparative depression in the December infection- 
rate, relative to that of November and January {vide Table II), may have been 
due to that rate partly arising from some mosquitoes fed on the blood of 
a case in which a gametocyte-count was not made and which may have 
been undei 80, the mosquitoes fed on it showing only 1 m 11 infected The same 
consideration apphes to the difference seen in Table II between the rates for 
January and February 1931, and the rates for the same months m 1932 


* See also Table III where it. wiU bo noted that lu a small number of mosqmtoes, fed on cases 
with a gametocyte count of ‘ less than 40 infection also developed in the mosquitoes 
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The INFECTIVITY OF THE SEVERAL MALARIAL vSPECIES 
During the ‘ infective ’ period, taken foi this analysis to be fiom November 
to Februaiy, the following table shows the relative rate for each species of 
parasite — 

Table IV 


Parasite 

E\a mined 

Glands infected 

Rate per cent 

P falciparum 

bl 

66 

08 

P VILOC 

110 

102 

86 

P •malarue 

24 


37 


During the ‘ ofi season of the only 3 cases of infection that occiiried, one was 
due to P vivax and two to P falcipatum 

The low late demonstiated above foi P mahn kb may have been caused by the 
fact that, in one batch of mosquitoes fed on this species at the end of Febiuary, the 
non-infective peiiod was bemg appioached, and moreover the gametocyte-count 
was only 80 If one excludes any such equivocal cases, the above table becomes 
as follows — 

Table V 


Noiembei to Januait/ infection only 


Parasite 

Examined 

1 

Glands infected 

Kate per cent 

P falcipatum 

36 ; 

36 

100 

P vivaa , 

52 

51 

100 


P mnlat im NoRecords’ 


The analysis of the hguies for P mala) ice only is given in the following table 
Those obtained when the gametoc} te-count cvas ovei 80, although they included 
observations in Febiuaiy, at the appioach of the off season, gave an infection-iatc 
of 82 per cent — 

Table VI 


Gainetocvte count 

Peiiod 

Rate per cent 

180 

November — ^February 

82 

80—180 1 

November — February | 

37 

80—180 

November — January j 

No records 


It theiefoie appeals piobable that the infectivity of the various species of 
paiasite for A stephensi is maximal in each case 
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The influence op cekiatn climatic conuitions on 

DEVELOPMENl OP INFECTION 

AVe know that moaquitoes, like most insects, die lapidly in a lelatively diy 
atmosphere, though all mosquitoes aie not aftected in a precisely similai 
maimer and even the anophelines diffei m this respect consider ablv amongst 
themselves 

Now while pievious obseivers have thus shown that the life of mosquitoes is 
influenced by the atmospheric humidity, yet Gill (1911) has repoited that ‘humi- 
dity ’ has no dnect effect upon the development of the malaria paiasite m the 
mosqmto, that any favouring influence this factor may have is due to its 
maintaining a favouiable tempeiature, which on the contiary has a direct 
influence on the growth of the parasite 

One must bear these facts in mind when he emphabi<!es the necessity of ‘ a 
high humidity ’ (not less than 60 pei cent), for the propagation of the malarial 
epidemic, oi when one considers the ancient belief that malaria is a disease of humid 
climates 

As foi the influence of tempemlwe it is common knowledge that this is a very 
important factor in determimng the geographical distribution of diseases in 
general and might be expected to be unexceptional in this respect m the incidence 
of malaria But the fact that the majority of diseases do not lie entirely within 
the defined zones of tempeiature, such as the tropics, is a clear indication that 
this factor pla) s a capricious part, that needs, m any particular case, careful 
analysis 

The degree of the influence of humidities and temperatures m the matter of 
malaria incidence, from the point of view of the development of the parasite in 
the mosquitoes, has been the subject of the following analysis m which have been 
enunciated the values of some of the important factors concerned 

The material in general from a statistical point of view had seveial defects, 
some of which may be mentioned — 

(1) the observations were too few in number, 

(2) they were not representative, because in the middle period between the 

highest and lowest infection-rates they were very scanty, 

(1) the number of mosquitoes exammed was not the same throughout the 
period, 

(4) the temperatuie and humidity figures were those taken at a standard 
meteorological station and not in the laboratory where the experi- 
ment was being carried out, although the difierence between the 
two places had no significant value Moreover at that station only 
the figures for ‘ minimum ’ relative humidity were obtamable 
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Such defects, howevei, weie almost inevitable in the circumstances of the 
actual experiments Foi instance it i\as impossible sometimes to get cases of 
malaria showing gametocytes for the infection work 


{a) The data fo) the ivhole ])e)iod 

Aftei a long peiiod of negative infection the positive infection recorded at 
the middle of September, gradually lose until by the middle of November it was 
cent pel cent It continued aiound this figuie" till the end of Nebiuary when 
it began to come down and became (with the exception of 3 mosquitoes m 393t) 
absolutely negative from the beginning of Slaich to the end of July 

Of various factois possibly involved the influence of the following has been 
examined — 


(1) maximum temperature, 

(2) minimum temperatuie, 

(3) lelative humidity (4 pm), 

(4) relative humidity (mean) 


The variation in these factors over the whole period was as follows j — 
Maximum temperature 80° to 106° mean 93 80° 

Minimum temperatuie 62° to 86° „ 75 36° 

Eelative humidity (4 pm) 20 to 100 pei cent „ 53 2 per cent 

Eelative humidity (mean) 45 to 95 pei cent ,, 70 0 pei cent 


(6) Table of vanation of infection, tempei ntu) e and humidities at diffeient 

seasons 



Season 

Maximum 

temperature 

ojj. 

Minimum 

tompeiature 

op 

Relative humidity 
(4pm) 
per cent 

Relative humidity 
(mean) 
per cent 

1 Cent per cent 
infection 

Nov to 
Jan 

SO— 87 

62—66 

32 to 43 

66 to 70 

2 Infection of 
some degree 

Sep to 
Feb 

80—96 

62—80 

32 to 70 

63 to 86 

3 No infection} 

Mar to I 
July 

89—106 

62—80 

i 

! 30 to 80 

45 to 85 


* Any discount probably being due to the gametocyte rate being too low 
f 0 7633 per cent 0 296 (not significant) 
f With the 3 exceptions noted above 











C StncMaiid, D N Boy and H P Chaudlmn 827 


From the above table it is clear that — 

(1) infection, took place at temperatures varying from 62°F to 96°F , 

(2) infection took place at relative humidities ranging from 32 to 

85 per cent, 

(3) no infection was recorded above 96°F or below 62°F , and none above 

85, or belon 32 per cent lelative humidity, 

(4) the most favouiable temperature foi infection lay between 62°F and 

87°F , or between the means of 71°F and 76 5°F 

(5) the higher the maximum temperature above 81“F the lower was the 

infection rate, 

(6) the higher the minimum temperature above 66°F the lower the 

infection late 

(7) the most favourable relative humidity (4 P ai ) was 32 to 43 per cent, 

(8) the higher the relative humidity (4 pm) above 43 per cent, the lower 

the infection, 

(9) the most favourable relative humidity (mean) was 66 to 70 per cent, 

(10) the higher the relative humidity (mean) above 70 per cent, the lower 

the infection, 

(11) the lower the relative humidity (mean) below 66 per cent, the lower 

the infection, 

(12) the most favourable season for infection was from the middle of 

November to the end of January 


(c) Means and standaid deviations of the data 



I 

Standabd 

DEVIATIOSS 

[ Mbahs 

1 

Percentage of infection 

1 

36 16 

1 

[ 

23 8 

Maximum temperature 

7 27 

93 8°!' 

Mimmum temperature 

7 01 

76 36°!’ 

Relative humidity (4 pm), per cent 

1 

17 23 

63 20 

Relative humidity (meau), per cent 

12 15 

72 00 
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{d) Coejjicients oj ccnrelalion 
(A) Coefficients of con elation of infection uith — 


1 

Maximum temperature 

-0 7760+0 0668 

Highly significant 

'Minimum temperature 

-0 6826+0 0763 j 

* ff 

Relative humidity (4 r v ) 

-0 3370+0 0893 

Significant 

Relative huuudily (mean) 

-0 2620+0 0897 

j ft 


The coirelations have also been showu diagramically m Chait 2 


{B) Correlations and partial coirelations of the physical factors 
Relative humidity with mmimiim tempeiatiue being 
Relative humidity with maximum tempeiatiire being 
and maximum temperatuie wutlv mmimum tempeiatiue 
being 

Partial conelatioa of leJativehumichty with minimum tem- 
perature, when maximum temperatuie was constant, 
bemg 

Partial correlation of relative humidity with maximum 
temperature, when minimum was constant, bemg 
The partial con elation of infection 
{i) with relative humidity (4 P M ) 

when maximum tempeiatme was constant 
when mimmum tempeiatiue was constant 
(ii) with maximum temperatuie 

when relative humidity was constant 
when mimmum temperature was constant 
(ni) with mimmum temperatuie 

when maximum tempeiature was constant 
when relative humidity was constant 
{iv) with lelative humidity (4 P M,) 

when maximum and minimum temperatiue 
were constant 

{C) Regression coefficients of infection in terms of — 
Maximum temperature 
Mimmum tempeiature 
Relative humidity (4 pm) 

Relative humidity (mean) 


4-0 4507 
+0 1863 

+0 8795 


+0 6136 
— 0 4947 


-0 3120 
— 0 5680 

— 0 8930 
— 0 5052 

-0 0004 
-0 5750 


— 0 3950+0 0889 
(significant) 


-3 85 
-3 55 
-1418 
— 0 779 



Chart 2 


Percentage to Slaxtmum Temperature 



r=— 7760± 0668 

Percentage to Humidity (‘ Minimum at i PM*) 
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Thus, we see that within the limits of the obseivations foi every degree of rise 
of maximum tempeiatiire above 93 8°F , theie was a 3 85 per cent decrease of 
mfection and for every degiee of minimum tempeiature above 75 4°F , there was 
a 3 55 per cent decrease 

Similarly, there was less infection for every unit increase of relative humidity 
(mean) above 72 per cent 

The coefficients show that the maximum temperature and minimum tem- 
perature, as well as the humiditv, had a great influence on the infection of 
Anopheles Stephens?, and that then importance in oidei was as follows — 

(1) Maximum temperature 

(2) Minimum tempeiatuie 

(3) Relative humidity ■{4 pm)’' 

(4) Relative humidity (mean) 

I The degree of influence of the various physical factois that were examined, 
on the infection rate of A stephensi has been shown in detail above , and the most 
interesting and sigmficant of the findings was that A stephensi appears to react 
to humidity in a different manner fiom that reported by othei authors In 
Calcutta the higher the relatn^e humidity (mean) above 72 pei cent, the less the 
infection , at 85 per cent the mosquitoes reach a complete freedom fiom sporozoite 
formation while Gill (1921) in the Punjab on the contrary found that the autumnal 
malarial mortahty was positively correlated with the high humidity of July and 
August 

II Gill (1921) said that the most favoiuable humidity for the tiansmission 
of malaria was 60 per cent or over, at a temperature of 78°F , as well as indirectly 
for the development of the parasite m the mosquitoes The above finding m this 
respect talhes with his remarkably, viz , that 66 to 70 per cent relative humidity 
with a mean temperature of 7 6°F to 71'’F , was most favourable for the development 
of the parasite in its extra-corporeal stage 

III Regarding low degrees of humidity Gill (1921) said that below 48 per cent 
and at 81°F , Culex fahgans infected with P g? assi did not survive long enough to 
become infected In Calcutta on the other hand, while the relative humidity 
(mean) hardly ever went below 48 per cent, we have one case on the record, and in 
this it was 46 per cent, when 13 insects after feeding on infected blood survived for 
one week before dissection There were also several other cases in which the 
humidity {‘ minimmn ’, recorded at 4 p m ) was less than 48 per cent, m which 
Anopheles stephensi survived long enough to complete the development of 
sporozoites Gill (1921) also said that epidemics in the Punjab nevei occur 

* 8 A M readings are not reliable because the atmospheric condition prevailing at the time are 
subject to considerable variations due to the shifting of the time of sunrise from season to seasop 
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wlieu humidity is abnoimalhj low and every epidemic is associated with high 
humidity, though extidmely high humidity is not followed by increased malarial 
incidence 

In this respect also the statistical result here corroborates his statement, if 
we take ‘ abnormally low humidities ’ as those below 60 per cent, and extremely 
high as above 85 pei cent 

rV Eegaiding the temperature factor only. Gill (1921) concluded that m 
India malarial mortality was negatively correlated with a temperature above 
90°F , whilst m England a temperatuie above 60°F exhibits a positive 
correlation with malaria, that is 60°F to 90°F was the optimum range of 
temperature for transmission 

The above analysis to some extent confirms this, because infection actually 
occurred within the range of 62°F to 96°F , though it was negatively correlated 
with temperatures above 80°F 

V The analysis of the data and the partial correlation table shows to what 
extent the variation of temperature is relevant regarding the mfectivity of 
Anopheles, or in other words the relative importance of the factors that act alike 
upon the sporozoite infection, compared to the totality of factors at work 
TlTien we know that a phenomenon is probably directly influenced by certain 
physical factors, then the calculation of the partial correlations gives a most 
valuable account of the causation of the phenomenon The results of the 
analysis may be put in the following way — 

Relationship of relative humidity with infection 

(1) When all the physical factors are varymg —0 3379 

(2) "When maximum temperature remains constant — 0 3120 

(3) When minimum temperature remains constant — 0 5678 

(4) IVhen both maximum and mimmum temperature 

remain constant — 0 3950 

We know that all these coefiicients are significant for a sample of 50 The 
relationship is most marked when the minimum temperature remains constant and 
least when the maximum temperature remains constant 

Thus, from the statistical analysis there can be no doubt about the direct 
importance of the relative humidity on the development of the parasites, though 
Gill (1921) has found otherwise in his experimental observations The glandular 
mfectivity of An'opheles stephensi diminishes with an increase of humidity above 
72 per cent and increases with its decrease below 72 per cent 

VI To sum up it may be said that — 

(1) the optimum range of mfection lies between 66 — 70 per cent relative 
humidity (mean), and 71°F — 76°F temperature (mean), 
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(2) an unfavourable range of infecfion lies above 85 per cent and below 
45 per cent relative humidity (mean), as well as above 95°P and 
below 65°F tempeiature 

VII Fiom the lesults of this analysis, it is evident that Anopheles stephenst 
in Calcutta should not cairy any nialaiia at all in a season when the relatiye humi- 
dity (mean) figuie is above 85 pel cent oi below 46 pei cent and when the 
tempeiature goes higher than 95°F oi diops to 62°F or less, i e , conditions 
lepiesented within the peiiod of Apiil to October 

Summary 

(1) Examination of the sporozoite infection of the salivary glands of Anopheles 
slepJmtsi 111 Calcutta in 1931 iindei experimental conditions has shown a ver^ 
striking period of infection from Novembei (Octobei '^) to January (90 per cent) 
and an equally strdang period of non-infection from Maich to July (August '^) 
(0 7 pel cent), with transitional conditions in Septembei (44 per cent), and in 
February (74 pei cent) 

(2) The two main periods coriesponded loughly with (a) the cold-weather, 
and [b) the hot-weather 

(3) Chart 1 inchcates plainly that the infection was inversely correlated with 
the maximum temperature, and, but not so markedly, with the minimum 
temperature, but the influence of relative humidity (minimum) on the infection 
was not clear 

(4) A gametocyte-couut of 120 pei cmm of blood, oi over, had a potential 
infectivity of 100 pei cent Below this density there was a gradual decrease in 
infectivity 

(5) Both P mvax and P falcipeoum had a 100 per cent infectivity 
P fnalancB had, within the limits of oui observations an 82 per cent infectiviti , 
but we believe it probable that it does not vary fiom the other species in 
this lespect 

(6) (a) Theie have been stated the limits of the physical conditions within 
which there was cent per cent infection, some degree of infection, or none at all 
The correlations involved have also been calculated, and then it was discovered 
that, not onlv the maximum and minimum temper atiiies, but also the relative 
humidities (both the mean and the minimum) had a significant and inverse 
influence on the infection-rate 

(b) The coefiS-Cients showed that the maximum tempeiature, minimum tem- 
perature, and relative humidities (both minimum and mean), weie influential 
in this Older 

(c) The partial con elation of infection with humidity (minimum) when 
both maximum and minimum tempeiatures were constant, showed a stgmficant 
value for the influence of humidity 
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{d) Above and below each datum scheduled below, there was a respective 
decrease and increase of infection by the amount noted in the last column — 


Table VII 


i 

1 

1 

Datum 

Regression in 
infection rate 
Per cent 

Maximum temperature 

93 80“F i 

1 3 85 

1 

Minimum tempcratiiro 

j | 

3 55 

Relative humidity {‘ miuiraum ’) 

! as 20 per cent | 

1 418 

Relative humidity (mean) 

, 1 

72 00 per cent | 

0 779 


Discussion 

Although a large number of workers have stated the rate of malaria- 
mfection, both ‘ natural ’ and experimentally induced, found in anophebne 
species, and A stephenst has had a share of this attention, comparatively 
few reports have appeared regarding the relationship of the infection to the 
physical conditions prevailing at the time of the observations , while, of those 
workers who have made any, we believe that no one has taken out the 
coefficients of correlation of the infection and the physical factors as has been here 
done With such observations however, as have been made, we will now attempt 
to compare the results summarized above 

Regarding A stephensi Bentley* (1911) in Bombay showed that, of all 
those he dissected during a year and more, 83 per cent found infected were 
obtamed during the months of highest relative humidity (July to September) 
On the other hand it seemed that either extreme heat or low temperature 
inhibited infection 

Now it will be noticed that his findings — his mosquitoes were ‘ naturally ’ 
infected — were the converse, one might say, of ours experimentally obtained 
m Calcutta While in July (1910) he obtained a 10 pei cent rate (a very 
high ‘ natural ’ rate), we found experimentally in the same month 0 per cent, and 
while he found 83 per cent of all his sporozoite-infected mosquitoes in the three 
months of the ‘ rams ’, July to September, we obtained m these months only about 
13 per cent We therefore appose to his conclusion that the relative humiditv was 
the most important positive factor in his findmgs, the corresponding grc’s result 
of our analysis that there was withm the limits of the Calcutta observations an 


T, MR 


Bentley’s data are given m an Appendix to this paper 


11 
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mvei se relationship between infection and humidity, a finding confirmed on taking 
out the coefficient of their partial correlation 

Regarding the influence of extreme heat on infection If the limits of 
maximum temperature (89°F — 106°F ) within which we found absolutely no 
infection in Calcutta, may be designated ‘ extreme heat ’, then we agree with 
Bentley’s conclusion that infection does not occur under conditions of ‘ extreme 
heat ’ But regarding the influence of ‘ low temperature ’ which he also thought 
inhibited infection, if the limits (62°F — 66°F ) within which we found cent per 
cent infection, be considered to mclude ‘ low temperatures ’, we cannot agree 
with him We had, however, no opportumty to examine the matter at any 
lower temperatures than 62°F and perhaps Bentley referred to such lower 
temperatures 

As it seemed to us to be so important to try to reconcile the differences noted 
above between Bentley’s observations and our own, drflerences that might be 
more apparent than real, we have analysed his infection-rates with the coincident 
meteorological data, as given in his report (see Appendix), and have found 
that — 

(a) On charting his monthly data theie was an apparent positive correlation 
between the relative humidity rates (mean of mean daily observations, 
1873 — 1896)*, and the natural sporo/oite infection-rates Also one of us (H P C ) 
has worked out the coefficient of correlation in his data and found it to be 
+0 8914±0 88 and therefore highly significant, which confirms the view that 
his and our own experiences were widely diveigent , 

(h) His figures foi maximum temperature and minimum temperature were 
not apparently related to the infection-rate , the coefficients of correlation were 
respectively -}-0 144±0 192, and -|-0 3145±0 184 This also was contrary to oiu 
findmgs in Calcutta {see Chart 1 and the analysis of our coiiesponding data 
showing highly significant inverse correlation) , 

(c) The limits of variation, within which sofne degiee of infection w^as found, 
were as follows, our own findings being placed in apposition — 


Table VIII 


Fmdings 

Period 

Ma-umum 

temperature 

°F 

Mmimiim 

temperature 

Relative humidity 
(mean) Per cent 

Bentley’s 

July — January i 

83—87 

67—79 

71—89 

Ours 

September — ^February 

80—96 

62—80 

1 

63—85 


* Tlie figures for the monthly mean relative humidity, compiled from the weeUy relative humiditj 
records over the actual period of Bentley’s observationsj’^olosely corresponded with those data 
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This table does not show a great difference between the ciicumstances of the 
occurrences at Bombay and Calcutta, and is chiefly noticeable for the fact 
that in Bombay the limits in the conditions in which any infection was found 
were considerably narrower than in the case of the expeiimental infection in 
Calcutta 

In geneial then Bentley’s findings aie shown to be the converse of ours, though 
there was not a great difference in the two cities between the limits of variation 
m the conditions in which some infection took place 

Now in view of the divergences noted, we are left to conclude either that 
the development of the sporozoites in siep/icnsi in Bombay is determined by different 
conditions from those at work in Calcutta, or that there is no difference in this 
respect and that our respective experiences were merely diverse expressions of the 
same phenomenon biassed by other factors 

On the evidence before us there is no immediate means of arriving at the truth, 
but we are inclined to believe in the latter alternative Bentley himself says that 
‘ in periods of heavy rain ’ the sporozoite-iate decreased probably because the 
mosquitoes were ‘ drowned ’ The fact that m the two places the limits of 
variation (as shown above), in the conditions within which there was any infection, 
were not considerably divergent, is an indication that the mosquito is only a 
culture tube, in which the parasite reacts in a standardized way to its environ- 
mental conditions, and that, if in ‘ natural ’ infections there be found any 
differences in the infection-rate, they are but local expressions of the play of 
various factors on the mosquito In other words simple correlation has only a 
local significance, for mstance our own finding in Calcutta of an inverse influence 
of humidity on the infection, Bentley’s of a positive correlation in the corresponding 
data, Bruce-Mayne’s (1927) at Sahaianpur, or Gill’s (1921) experience in the 
Punjab 

reiterate that one of us (H P C ) has discovered a significant relationship 
between humidity and infection, while Jansco (1904), who earns our particular 
respect for attemptmg to put this important subject on an exact basis so 
long before his successors, thought that humidity, at a range of temperature 
between 64°P to 79°P , had no direct effect on the development of the parasite 
and if this thesis be true it would only be confirmatory of the opimon of 
Buxton and others that the physical conditions in the tissues of an insect do not 
necessarily represent the conditions of its environment The degiee of humidity 
in the tissues is doubtless kept within nariow limits by physiological processes, 
so that it would not be remarkable to find that wide variations of atmospheric 
humidity would have but little effect on the development of a parasite in 
those tissues However if humidity is, then the temperature also may be, 
regulated by vital processes, though m this case some simple phenomena 
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like hibernation show that the regulation must be limited, and if so, there is no 
reason to suppose that humidity is any better controlled We may therefore 
conclude that both temperature and humidity may influence the development 
of the parasite 

If we accept the theory, that the deyeloping paiasite m mosquitoes of all 
species reacts in the same way to the physical conditions of then environment, 
we must remark that, in view of the very diverse practical expeiiences of many 
observers, any correlations with the l6cal physical conditions, that one may 
discover, do not necessarily denote any direct influence of any of those conditions 
on the parasite The only valid methods then of determining the influence of any 
physical factoi are (1) the experimental and (2) the determination statistically 
of the ‘ partial correlation and the one method should be used to confirm 
the other 

The direct influence of any paiticular factor on the development of the 
parasite, may of course be obscured, in the epidemiology of a disease, by 
antagomstic factors Hence it is not surprising that, though m the present 
enquiry we have concluded that in Calcutta the optimum conditions for 
the development of the parasite are represented within the period of November 
to March, there aie no apparent consequent effects on Calcutta’s health 
Dr Coltman has kindly given us the monthly malaria incidence lecord 
of the Presidency General Hospital for the years 1920 — 1931 , we also 
have the out-patients recoids of our own Hospital for the year February 1931 
to February 1932 and also the Medical College Hospital figures for the 
corresponding period The incidence is shown in Chart 3 The slight monthly 
variations in incidence do not appear to have any relationship to the coincident 
variations in the infection-rate That is to say the opeiation of the primary 
factor has been biassed by other factors Thus also Soesilo (1928) in Java 
found A lossi infected 100 per cent and causing no local malaria, and 
thus also Covell (1927) remarks with sorrow that A tuilhudi had been 
incriminated as an epidermological carrier on the strength of its experi- 
mental infection Such occurrences must be thought of before jumpmg to 
the conclusion that because an infected mosquito has been found anywhere, 
therefore a locality is in danger They should also be an object lesson to 
those who do not realize that epidemics do not depend on one factoi only 
but on a host of factors and that not one link only must be present but 
all the links in the chain 

It is to be hoped, that our conclusion, that the relationship between the 
development of the parasite in the mosqmto and the physical conditions is 
invariable from place to place, may be confirmed and that it may lead to more 
economical samtation programmes in the future 
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Conclusion 

We are led to believe, from our analysis of some of the physical conditions 
under which proceeds the development of the malaiia-paiasite in A slefliensi m 
Calcutta, and in other species accoiding to the data of other woikers, that that 
development has a fixed lelationship to those physical conditions, and that 
of these humidity is not negligible, while tcmpeiatuie is important too high a 
tempeiature completely inhibiting infection 

Now whatever may be such an immutable influence of any particular factor on 
the infection-rate of the mosqiuto, the operation of that influence must be biassed 
from locality to locality by other factors, so that we find m efiect varying 
correlations between any factor and the infection in other words whatever absolute 
value a factor may have its consequence may be negligible, so that one should 
beware of drawmg hasty conclusions from any such absolute value as to its prac- 
tical importance For example although in Calcutta the absolute influence of humi- 
dity on infection has been found to he inverse and significant, yet here an inverse 
correlation between these two piincipals was discovered and in Bombay a 
positive correlation, and while in Calcutta in the cold weathei we found 
a cent-per-cent infectivity of A stephensi, the commonest anopheline here, 
this high late was not reflected in the mcidence of malaria according to the 
records of 3 hospitals foi 10 years 
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Appendix 

Dr Bentley's data 

The result of the examination of 1,217 salivary glands of Neocelha stejpTiensi 
IS given below — 


Alontb 

Number 

dissected 

Number 

infected 

Percentage 

infected 

1000 




Julv 

63 

1 

15 

August 

70 

4 

57 

September 

56 

0 

35 

October 

11 

] 

7 1 

November 

13 



December 

11 



1910 




January 

6 



February 




Slaroh 




April 

1 

11 



Jlav 

14 



June 

15 



July 

90 

9 

10 0 

August 

158 

6 

3 1 

September 

79 

4 

50 

October 

94 

2 

2 1 

November 

60 

1 

1 6 

December 

67 



1911 




January 

153 

1 

06 

February 

173 


' 

March 

65 



Totat 

1,217 

30 

24 
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Monthly mean values of relative humidity, and maximum and minimum 
teni'pe) atu) es dunny the yea) 1910 at Bombay, compaied with the 

Calcutta figuies (1931) 


Month 

1910 

BoirUVY KECOKDS 1910 

CvLCUTlA BECOBDS 

Relative 
humidity 
Per cent 

Ma\imum 

temperature 

<=]? 

Minimum 

temperature 

Monthly means 
of tcmpoiaturc 
Bo« bazar, 1931 

Monthly means 
of relative 
humidity (4 PM ) 
Per cent 

Jlavimum 

“F 

Minimum 

op 

January 

71 

81 7 

67 3 

S3 23 

66 70 

73 23 

February 

06 

SO J 

69 1 

86 04 

09 08 

67 00 

March 

71 

87 S 

73 1 

88 30 

73 60 

70 50 

April 

75 

90 2 

77 2 

90 2 

77 1 

73 50 

May 

76 

91 3 

80 2 

91 22 

80 20 

76 00 

June 

84 

87 0 

79 3 

86 30 

79 13 

77 23 

July 

82 

85 6 

78 8 

83 80 

78 90 

82 75 

August 

87 

83 7 

77 2 

83 74 

77 16 

88 80 

September 

87 

83 8 

76 7 

84 05 

76 52 

89 00 

October 

81 

87 1 

73 8 

86 67 

75 70 

82 75 

November 

71 

83 5 

71 8 

86 14 

71 80 

71 20 

December 

i 

74 

84 1 

60 0 

84 17 

68 92 

77 50 
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EXPEEIMENTAL INFECTION OF ANOPHELINE 
MOSQUITOES 

BY 

MOT lYENGAE, 

Medical Entomologist, Tiavancore 

{From the Malana Research Laboiatoiy, Bengal Public Health Department ) 
[Received for publication, August 15, 1932 ] 


During 1930 and 1931, the author earned out a senes of malana infection 
experiments on laboratorv-bred anopheline mosquitoes Gametocyte carriers for 
these observations were selected from among patients attending the Field Treat- 
ment Centre at Singui, Hooghly District, Bengal For these experimental feeds, 
only such gametocyte carriers were selected as did not show any mixed infection 
during two consecutive examinations at an interval of 4 days After the experi- 
mental feed on the selected gametocyte carrier, the fed mosquitoes were separated 
from the unfed ones and were kept in cages in the Laboratory at Calcutta The 
mosquitoes were given only a single infective feed after which they were kept on 
raisins and water They were dissected after an interval of 8 to 15 days from the 
date of feed In the series of observations reported in this article, several species 
of Anopheles were experimentally fed on gametocyte carriers of tertian, subtertian 
and quartan infections respectively The author is much indebted to the Director 
of Pubbe Health, Bengal, for facilities offered while conducting this investigation 
Usually, mixed batches of mosquitoes comprising two or more species of 
Anopheles were fed on the same gametocyte carrier In judging the susceptibility 
of the different species of Anopheles, the results of those experiments, in which none 
of the mosquitoes fed on the particular gametocyte carrier developed an infection, 
have been ignored It is probable that, in experiments in which none of the 
difieient species took the infection, the gametocyte earner was not infective to the 
mosquito or that some other factors prevented the development of the infection 
in the mosquito Only those experiments are being considered here in which one 
or more individuals of any of the species of mosquitoes in the mixed batches took 
the infection from the particular gametocyte carrier 

( 841 ) 
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Expenmental Infection of Anoplieline Mosquitoes 


Observations were made on tbe following species of Anofliehs — 

(a) A aconitus Don , 

{h) A ba)bi}ost)is Wulp, 

(c) A cuhcifacies Giles, 

(d) A fuhginosus Giles, 

(e) A hyicamis var mgeinimis Giles, 

{/) A jamesi Theob , 

ig) A Indloioz vai sundaica Rodenwaldt, 

{/«) A maculatus Theob , 

{i) A majidi Young and Majid, 

{j) A minimus Theob , 

{L) A •pseudojdmesi Str and Ch , 

(1) A stephensi Liston, and 
(w) A vciiuna Iyengar 

The results of the infection experiments aie discussed below — 

(a) Anopheles aconitus Don 

Two infection experiments were carried out with this species, one on a sub- 
tertian earner and the other on a tertian carriei The numbei that survived was 
small and in each of the two experiments only one specimen was dissected 




1 

I 



1 


RESULTS 



Experi- 

ment 

number 

Ticket 

Name of 
gamotocyte 
earner 

Date of 

Date of 
dissec j 
tion 

Gtjt 

i 

Gland 

1 Total 

1 

number 

feed 

Number 

examined 

Number 

positive 

Number 

examined 

Number 

positive 

Number 

examined 

1 Number 
' positive 

147 

1 782 

1 Muchiram 

P falciparum 

1 31-1-31 1 11-2-31 1 

1 i 

1 1 i 

1 1 

1 1 1 

1 1 1 

1 

144 

1 450 

1 Panchi 

P 

j 21-1-31 

vivax 

1 3-2-31 

1 i 

1 ^ 

j 1 

1 ^ 

j ^ 

j ^ 


I 

1 


1 



1 

1 

1 

J 


The results show that Anopheles aconitus could be infected experimentally 
with P falcipanim and with P vivax In both experiments sporozoite mfection 
of the salivary glands was observed in 11 to 12 days Although the number of 
observations with this species is small, the positive results obtained in these experi- 
ments show that this species is expeiimentally a good transmitter 
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{b) Anopheles barhiroslns Wulp 

Three mfectiou expeiimeuts were carried out with this species on carriers of 
tertian, subtertian and quartan infections 







RESULTS 

E\peri 

mont 

number 

Ticket 

Name of 
gametooyto 
carrier 

Date of 

Date of 
dissec 
tion 

Gut 

Glaxd 

Total 

number 

feed 

T3 
u o 

^ a 

ai 

Number 

positive 

Number 

examined 

! s ® 

' ^ & 
a- i 

3 a 

Number 

examined 

Number 

1 positive 


153 

135 

169 


1049 1 

1137 I 

1954 ! 


Habib 

P falciparum 

1 7-2-31 1 18-2-31 1 

2 1 

0 

Sufal 

P vivax 

1 11-2-31 i 25-2-31 ) 

2 1 

0 

Gokul 

P malaricB 

j 14-3-31 j 23-3-31 j 

1 1 

0 


2 i 

2 1 

1 I 


0 1 

0 1 

0 1 


2 I 0 

2 1 0 

1 I 0 


In all the three esperiments the results were negative It should be admitted, 
however, that the number of observations made with this species is small 


(c) Anopheles cuhctfacies Giles 
Two infection experiments were carried out with this species 





1 

i 

1 

j 

RESULTS 

Expen 

ment 

number 

Ticket 

Name of 
gametocyte 
earner 

Date of 

Date of 
dissec 
tion 

1 

j Gut j 

1 Gland 

Total 

number 

feed 

Number 

exammed 

Number 

positive 

M a 

gi 

o 

Number 

positive 

Number 

exammed 

Number 

positive 


172 

173 


2056 

2349 


Kamala 


Sudhir 


P falciparum 
18-3-31 I 27-3-3X I 5 


5 I 0 


P mdlarim 
25-3-31 I 4-4-31 
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Expel imental Inf echo a of Anoplieline Mosquitoes 


The results m tlie infection expeiiment witli P falcijjarmn were negative In 
the experiment with P malancc, oocysts weic observed in one out of two specimens 
examined 

(d) Anopheles fiihginosus Giles 

A faiily laige number of observations was made with this species The 
records aie furnished below — 


P falcipaium 


Serial number 

Expenmont number 

Ticket number 

Name of 
[ gamotocyto 
[ earner 

! 

i 

Date of 
feed 

Date of 
dissec 
tion 

Gut 

RESULTS 

1 

Gl.and 

Total 

ra 

0 g , 
'S s 

3 5 , 

0 i 

0 ^ I 

a tt 

I 3 ^ 

Number 

cvuraincd 

J? ! 

— -5 j 

^ ^ 1 

^ S. : 

"2 2 

5 5 

;2: 0 

1 0 

’b - 
5 ° 

1 


1 

10064 

Kahcharan 

20-10-30 

! 12-iI-30 


0 

■ 

I ' 

1 1 


1 

2 


814 1 

Milan 

31-1-31 

11-2-31 


1 

B 

0 


1 

3 

1 150 i 

927 

Kamaladasi 

4-2-31 

i 14-2-31 

' 11 

B 

D 

0 

11 

3 

4 

1 133 1 

1049 j 

Habib 

7-2-31 

! 18-2-31 

' 23 

' 9 

25 

0 

^ 25 

9 

5 

172 

2056 

Kamala 

18-3-31 

27-3-31 

1 

1 

1 

0 

1 

1 

6 

185 

2960 

Baaku 

I0-4-3I 

27-4-31 

3 

3 

3 

0 

3 

3 

7 

190 

4022 

Guinim 

16-3-31 1 

10-3-31 

3 ! 

0 

! 3 

1 

' 0 

3 

0 

8 

198 

4014 

Renu 

10-5-31 1 

30-5-31 

> 

' 1 

1 

1 

3 

0 

3 

1 

a 

212 


Sisubala 

20-6-31 

3-7-31 

; ' i 

0 

1 

0 

^ i 

0 

10 

230 


Nalim j 

1 I 

1-8-31 1 

1 

1 

10-8-31 

* 4 , 

j 

1 

^ 4 

' 0 

1 4 

1 

Total 

i 

i 

5 S j 

19 

‘ 58 

1 

1 

58 

I 

' 20 


Ton infection experiments were carried out with A fidiyinosns by feeding the 
mosquitoes on P falcipamm carriers out of which positive lesults weie obtained 
in eight experiments Out of 68 specimens dissected aftei the expeiimental feed 
19 were positive for oocysts and one foi sporozoites in the salivary glands Oocyst 
infections were more frequent than sporozoite infections In many instances 
heavy oocyst infections were observed and in two instances mature oocysts weie 
seen bursting under the microscope 
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P vivax 


Senal number 

U 

O 

a 

3 

fl 

C 

o 

a 

C 

o 

Ps 

y 

w 

Ticket number 

Name of 
gametocyte 
cairipr 

1 

1 

( 

Date of 1 
feed 1 

Date of 
disscc 
tion 

RESULTS 

Gut 

Gland ! 

1 

Totai 

Number 

examined 

Number 

positive 

Number 

examined 

Number 

piositive 

Number 

examined 

Numbei 

positive 

1 

139 

1 1 

19 

Upendra 

7-1-31 

19-1-31 

j 4 

1 

1 

1 

4 i 

1 

i 0 

4 

1 

1 

1 

2 

144 

450 

Pauchi 

21-1-31 

3-2-31 

4 

1 

4 

1 1 


1 

3 

145 1 

598 

Knsto 

24-1-31 

3-2-31 

1 


1 

0 

1 

0 

i\ 

155 ' 

1137 

Sufal 

11-2-31 ! 

25-2-31 



2 

1 

2 

1 

5 

157 

1209 

Jaboona 

11-2-31 

2 1-2-31 



5 

1 1 

1 

5 

1 

0 

15S 

1409 

Santhn 

\ 

\ 

00 

2-3-31 ^ 


0 

11 

3 

11 

1 

3 

7 

159 

1389 

Umapada 

18-2-31 

2-3-31 


2 

10 

0 

10 

2 

S 

195 

3965 

Jitendra 

13-5-31 

25-5-31 


0 

2 

0 

2 

0 

9 

226 

6255 

Lal>abmi 

22-7-31 

12-8-31 

1 

0 

B 

0 

1 

0 

Total 

40 

4 

40 

6 

40 

9 


Positive results were obtained in six out of nine experiments with A fuligi- 
nosus fed on P tioax earners Nine specimens were positive out of 40 specimens 
examined and six out of tlie nine specimens had developed a spoiozoite infection 
of the salivary glands 

P malancB 



S 


i 

1 



RESULTS 


A 







1 


1 



a 

3 

0 

U 

O 

Name of 

Date of 
feed j 

Date of 

Gut 

Gland ! 

j 

Total 

3 

3 

1 -w 

1 3 

C3 

£ 

^4 1 

o 

04 ! 

A ' 
^ ! 

i ^ 

' c 

gametocyte 

earner 

disseo 
tion 1 

^ ' 


V. ' 




u 

o 

m \ 

i 

o 

o 

H 




1 5 i 

s 1 

1 

I 

Numbei 

positive 

oJ a 

si 

1 g I 

Numbei 

positive 

J 5 

s i 

s 2 

O 1 

IS 
’ P 

fe; ft 

1 

1 

173 ! 

2349 

Sudhir 1 

! 

25-3-31 

4-4-31 

B 

0 

1 

0 

B 

0 

2 

218 

6496 

Banamab 

1-7-31 

16-7-31 

H 

0 

1 

0 

■ 

0 

Total 

1 “ ' 


1 

j 2 

0 


0 
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Expenmental Infection of Anopliehne Mosqxiitoes 


The negative lesuJts in the P mala) tie experiments are not of much value 
owmg to the small numbex of obseivations 


(e) A hj)canus var ni(jern))ius Giles 
A fair number of observations ivas made with this species The results are 
furmshed below — 



P falcifu) u))i 


1 

150 

027 j 

Kamaladasi 

4-2-31 

14-2-31 1 

2 

0 

2 

0 

2 

0 

2 

153 

1049 

Habib 

7-2-31 

18-2-31 

6 

0 

6 

0 

6 

0 

3 

184 

2736 

Dbanaujai | 

11-4-31 

22-4-31 

1 

1 

0 

1 j 

P i 

1 

0 

4 

185 

2960 

Banku 

15-4r-31 

27-4-31 

1 

! 2 

1 

0 

2 I 

i 1 

0 

2 

0 

Total 

11 

1 

0 

11 

1 

0 

11 

0 

1 

155 

1137 i 

Sufal 

P 

11-2-31 

vivax 

25-2-31 

3 j 

0 

3 

0 

3 

0 

2 

157 j 

1209 j 

Jaboona 

11-2-31 

23-2-31 

1 

0 

1 

0 

1 

0 

3 

164 

1789 

1 

Latifaa 

7-3-31 

16-3-31 

2 ; 

1 

1 

2 

0 

2 

1 

Total 

6 

■ 

6 

0 

6 

1 


P malance 

1 I 171 I 2061 I Mofussudin ( 18-3-31 I 27-3-31 I 11 01 11 01 1|0 


The records detailed above suggest that A hjrcanus is not susceptible to 
infection with P falciparum and that it is susceptible to P vivax infection One 
specimen out of six fed on P vivax gametocyte carriers was found infected The 
infected specimen had a single oocyst in a nearly full-grown stage m which sporo" 
zoites could be recognized The negative result in one observation with P malaricp 
is not conclusive 
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(/) Anojthcles jamesi Theobald 

A single infection c\pcrinient was carried with A janiesi bred out of larvse 
collected from Dam Dim (Jalpaiguri Distiict, Bengal) 


P falcipaium 


Experi 

ment 

number 

Ticket 

number 

1 

Jlarao of 
gametooj to 
carrier 

D ito of 
feed 

Date of 
disscc 
tion 

RESULTS 

Gut 

Gland 

' Total 

1 

h Q> 

a> a 

ai 

P 5 

A O 

t-« ay 

a -s 

1 s 

u a> 

dj fl 

s i 

p » 

;z; £ 

gs 

Iz; Z. 

'p 
u o 
o a 

ai 

1 

Bp 

118 

lOOGk 



12-11-30 


0 

4 

2 

4 

2 


Sporozoites were seen m the salivary glands of two out of four specimens 
examined This experiment shows that A jamesx is capable of transmitting sub- 
tertian infection experimentally 


[g) Anopheles ludlowi var sumlaica Boden 
The specimens used in these experiments were bred out of larvee collected at 
Budge-Budge (24-Parganas District, Bengal) 



1 


1 


RESULTS 

Espen 

meat 

Ticket 

number 

Name of 
gametocyto 
earner 

Date of 
feed 

Date of 
dissec 

Gut 

Gland 

Total 

number 

tion 

^3 

t-t o ' 

o a 

ai 

m c3 1 

^ ^ 1 
^ o 1 

Number 

positive 

'P 1 

03 d 

S § , 

P ^ 

Number 

positive 

Number 

exammed 

Number 

positive 


122 1 

11210 

1 Tarakdasi 

P falciparum * 

1 19-11-30 1 'L-12-30 I 

1 1 

1 1 

1 1 

0 1 

1 1 

1 

119 J 10785 

1 Usha 

P viiaa; * 

1 12-11-30 1 22-11-30 1 

1 1 

0 1 

1 1 

0 1 

1 1 

0 

120 1 

j 11036 

j Haru 

P malarice * 
j 15-11-30 j •^12-30 j 

' 1 

“ 1 

“ 1 

‘ 1 

6 1 

1 


* The three results cited here were mentioned previously m another connection (Iyengar, 1931) 
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Expenmental Infection of Anophehne Mosquitoes 


The results show that A ludloioi could be infected experimentally with 
P falcipmuni and P malance In the case of the lattei infection sporozoites 
were observed in the salivary glands The negative result w ith P mvax is not of 
much value as only a single obseivation was made 


{li) Anopheles macidatus Theobald 

The number of obseivations made with this species and with A majiih is too 
small to be of value 


P falciparum 


ExiJen- 

ment 

number 

1 

Ticket 

number 

1 

1 

1 

1 

1 

Name of 
gametocyte 
earner 

Date of 
feed 

Date of 
dissec- 
tion 

RESULTS 

Gut 

Glaxo 

Totu 

Number 

examined 

Number 
positn e 

Numbei 

examined 

s 2 

-a i 

s 

Iz; & 

Number 

examined 

Number 

positive 

118 

10064 

Kahcharan 

29-10-30 

1 

12-11-10 j 

i 

1 

i 

1 1 

1 

! 

0 

1 

0 

1 

0 


(^) Anopheles mcytdi Young and Majid 


P vivax 



1 

1 



RESULTS 

Experi- 
1 meat 
number 

Ticket 

Name of 
gametocyte 
earner 

i 

Date of 

Date of 
disspc 
tion 

Gut 

Glaxd 

Total 

number 

i 

feed 

Number 

examined 

Number 

positive 

Number 

examined 

Number 

positive 

Number 

examined 

1 Number 

1 positive 

125 

i 

11767 

1 

Lakshmi 

3 12-30 

12-12-30 

1 

0 

1 

0 

1 

0 
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(j) Anopheles mtmimts Theobald 


- 





1 

1 

1 


RESULTS 



ti\pen 

meat 

number 

1 

1 

1 

Ticket 

Name of 
gamctocj to 
earner 

1 

Date of 

i Date of 
dissec 
tion 

1 

j Gut 

Gland 

Total 

number 

feed 

Number 

ciammed 

Number 

positive 

Number 

examined 

Number 

positive 

Number 

examined 

Number 

positive 

IIS 1 

10081 1 

Kahcharan | 

P falciparum 
29-10-30 1 12-11-30 j 

1 1 1 

1 1 

1 1 

1 1 1 

1 1 

1 

125 

11767 

Lakabmi 

J 

3-12-30 

P vivax 

12-12-30 1 

1 10 

1 

10 

1 

10 

1 


The specimens used in these experiments iiere bred out of laivae 
collected at Dam Dim (Jalpaiguri District, Bengal) Anopheles mimnius was 
experimentally infected with tertian and subtertian parasites m the above 
recorded experiments 


{1) Anopheles pseudo^aviesi Str and Ch 
P malancB 




! 

1 



RESULTS 

Experi 

ment 

number 

1 

i 

Ticket 

Name of 
gametooyte 
carrier 

Date of 

Date of j 
diBSec 
tion 

Gut 

Gland 

Total 

number 

feed 

Number 

examined 

Number 

positive 

Number 

examined 

Number 

positive 

Number 

examined 

Number 

positive 

233 

7908 

Subode 

19-8-31 

31-8-31 

1 

1 

1 

1 

0 

1 

0 

1 

0 


J, IIR 


12 




























850 Expenmental Injection of AnopkeUne Alosqmtoes 

(1) Anopheles stephensz Liston 
The number of obscivations with this species is fanly laige 


P falcipai iim 


t-l 

u 

rQ 

a 

p 

p 

s 

OQ 

U 

o 

a 

p 

p 

P 

1 P 

a 

§ 

CL 

w 

Ticket number 

Name of 
galnctoc^ to 
carrier 

! 

Date of 
feed 

Date of 
dissec 
lion 

Got 

RESULTS 

GLA^D 

Total 

Number 

exanuued 

a ® 

g S 

12; p. 

Number 

oxammed 

Number 

positive 

M O 

c. s 

si 

P d 

rP :: 

^ & 

1 

uO 

4496 1 

1 

And 

26-7-30 

8-8-30 

1 

16 

2 

16 

0 

16 

2 

2 

65 

5209 

Tarak 

6-8-30 

20-8-30 

1 

11 

3 

1 

11 

0 

11 

1 

5 

3 

71 

5828 

Turak 

16-8 30 

22-8-30 


B 

3 

0 


2 

4 

83 

6065 

Dasu 

3-9-30 

10-9-30 


B 

4 

0 


1 

5 

121 

11210 

Tarakdasi 

19-11-30 

4-12-30 

6 

6 

6 

6 

6 

6 

1 

6 

130 

12367 

Keiidu 

17-12-30 

3-1-31 

11 

8 

11 

4 

11 

S 

7 

135 

12727 

Dasaratlu 

24-12-30 

8-1-31 

2 

2 

2 

2 

2 

2 

8 

148 

782 

Muchiiam 

31-1-31 

11-2-31 

7 

4 

7 

4 

7 

6 

9 

154 

1075 

Acbiram 

7-2-31 

19-2-31 

15 

15 

15 

7 

15 

15 

10 

172 

2056 

Kainala 

18-3-31 

27-3-31 

2 

1 

2 

0 

2 

1 

11 

184 

2736 

Dhananjai 

11-4-31 

22-4-31 

4 

3 

4 

0 

4 


12 

185 

2960 

Bauku 

15-4-31 

27-4-31 

4 

3 

4 

0 

4 


13 

189 

3193 

Sambu 

25-4-31 

5-5-31 

3 

1 

3 

0 

3 

1 

14 

196 

4022 

Guiram j 

16-4-31 

30-5-31 

5 

1 

5 

0 

6 

1 

15 

199 

4022 

Guiram 

20-5-31 

30-5-31 

3 

3 

3 

B 

3 

3 

16 

202^ 

4078 

Gaur 

23-5-31 

5-6-31 

15 

15 

15 

B 

15 

15 

17 

203 

4443 

Abdul Malik 

27-5- 31 

9-6-31 

8 

1 

8 

0 

8 

1 

13 

212 

5070 

Sisubala | 

20-6-31 

3-7-31 

3 

0 

3 

1 

3 

1 

Total 

122 

71 

122 

32 

122 

76 


It will be observed that positive results were obtained in every one of the 
batches of A stepJienst fed on infective gametocyte carriers of P falcipai um Out 
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of 122 mosquitoes examined, 71 were positive foi oocysts, 32 for spoiozoites in the 
saUvary glands and 76 had eithei spoiozoites oi oocysts or both The minimum 
time taken foi sporozoites to be found in the salivary glands has been found 
to be 11 to 12 days and in one instance as shown by the results in experiment 
No 199, only 10 days The results show that A slephensi is very susceptible 
to experimental infection with P falciparum 


P vivax 

Fifteen infection expeiiments were carried out with infective P vivax 
gametocyte earners 


Serial number 

tH 

o 

r3 

a 

s 

a 

o 

a 

c 

o 

s 

Ticket number 

Name of 
gamotoevto 
carrier 

Date of 
feed 

Date of 

dlSbCC 

tion 

■ 

RESULTS 

Gland 

Total 

Number 

examined 

Number 

positive 

Number 

examined 

Number 

positive 

Number 

examined 

Number 

positive 

1 

72 

5061 

Anath 

20-8-30 

30-8-30 

9 

mm 

1 

3 


9 

1 

1 1 

2 

123 

11235 

Jibau 

10-11-30 

5-12-30 

10 


10 



6 

3 

124 

11603 

Guiraiu 

29-11-30 

8-12-30 

11 

8 

11 



8 

4 

128 

12197 

Kartic 

I 13-12-30 

26-12-30 

, 16 i 

1 

0 

15 

12 


13 

5 

131 

12594 

Haru 

20-12-30 

6-1-31 

1 

8 1 

1 

8 

5 

D 

6 

6 

133 

12510 

Siidabala 

20-12-30 

8-1-31 

1 

0 

1 

0 

B 

0 

7 

143 

426 

Sarala 

17-1-31 

27-1-31 

5 

4 

5 

1 

5 

4 

8 

144 

450 

Panchi j 

21-1-31 

2-2-31 

13 

5 

13 

10 

13 

11 

9 

145 

598 

Kristo 

24-1-31 

3-2-31 

7 

2 

7 

0 

7 

2 

10 

155 

1137 

Sufal 

1-^-3! 

25-2-31 

6 

0 

6 

3 

6 

3 

11 

157 

1209 

Jaboona 

11-2-31 

23-2-31 

8 


8 

0 


3 

12 

105 

3965 

Jitendra 

13-5-31 

25-5-31 

1 


1 

1 


1 

13 

211 

5004 

Dulal 

17-6-31 

29-6-31 

6 

1 

1 

6 

3 


3 

14 

213 

5090 

Durgabala 

20-6-31 ' 

3-7-31 

1 

11 

3 

11 j 

6 


7 

15 

226 

6255 

Lakshmi 

22-7-31 

10-8-31 

1 

1 

1 

0 


1 

Total 

112 

43 

112 

48 

112 j 

69 
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Ex'pe) imental Infection of Anophehne Mosquitoes 


Tlie results show that A slepliensi is very susceptible to P vivax infection 
when fed ou infective gametocyte earners In the picsent senes of observations 
a successful infection of A stephensi was observed in foui teen out of fifteen 
infection expeninents Out of a total number of 112 mosquitoes dissected after 
the infective feed, 69 showed an infection eithei with oocysts or sporozoites or 
both Sporozoites weie observed in the salivary glands in 48 out of 112 specunens 
examined 


P wnlm icB 


Senal number 

Experiment number 

Ticket number 

i 

Name of 
gametocyte i 
earner j 

Date of 
feed 

Date of 
dissec- 
tion 

Gut 

RESULTS 

Gland 

Total 

Number 

examined 

Number 
positn c 

Numbei 

examined 

Number 

positive 

Number 

examined 

Number 

positive 

1 

79 

6380 

Amar | 

1 

i 

27-8-30 

10-9-30 

8 

1 

S 

1 

8 

] 

2 

120 

i 

11036 

Ham 

15-11-30 1 

1 

4-12-30 

14 

2 

14 

■ 

■ 

7 

3 

169 

1 

j 

1954 

Gokul 

14-3-31 

24-3-31 

1 J 

1 

1 

1 

1 

■ 

■ 

1 

4 

j 

1 

171 

2061 

[ Mofazudm 

18-3-31 

27-3-31 

5 1 

3 

5 

1 

0 

1 

5 

3 

5 

173 ! 

1 

2349 

Sudhir 

25-3-31 

I 

4-4-31 

11 

1 

11 

0 

11 

I 

1 

6 

218 

5496 

Banamali 

1-7-31 

16-7-31 

1 

14 

I 

1 3 

14 

' 0 

1 

14 

3 

7 

233 

1 

7906 

1 Subode 

1 

1 

19-8-31 

1 

31-8-31 

1 

1 

0 

1 

0 

1 

0 





Total 

54 

11 

54 

9 

54 

16 






! 






, 


Positive results were obtained in six out of seven experiments Out of a 
total of 54r observations, 16 specimens took the infection and m mne specimens 
sporozoites were observed in the salivary glands As compared with its 
susceptibility to the two other species of Plasmodium, A stepTiensi appears 
to be less susceptible to infection with P malan<x than with P vivax or 
P falciparum 
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(hi) Anophelci, vaiuna Iyengar 

Specunens of A vanina ■fteie fed on infective gametocyte carriers of 
all the three species of Plasmodiim 


P falcipcDum 


3 

a 

3 

CJ 

'3 

C 

o 

m 

a 

p 

p 

o 

s 

a 

o 

w 

Ticket number 

Namo of 
gametocyte 
cam‘=‘r 

Date of 
teed 

Date of 

dH'CC 

tion 

Gut 

RESULTS 

Gland 

Total 

Number 

examined 

Number 

positive 

Number 

examined 

Number 

positive 

Number 

examined 

Number 

positive 

1 

U2 

11210 

1 atakdaai 

19-U-JO 

4-12-30 

1 

0 

1 

0 

1 

0 

2 

133 

12510 

Sudabala 


8-1-31 

4 

1 

4 

0 

4 

1 

3 

lU 

12705 

Basu 

24-12-30 

8-1-31 

4 

0 

4 

1 

4 

1 

i 

U7 

782 

Jlucbirara 

31-1-31 

11-2-11 

3 

2 

3 

1 

3 

2 

5 

1*13 

104:9 

Habib 

7-2-31 

18-2-31 

1 

0 

1 

0 

1 

0 

0 

230 

0742 

Nalim 

1-8-31 

10-S-3I 

J 

0 

1 

0 

1 

0 

Total 

14 

3 

14 

2 

14 

4 


Out of 14 observations, infection was observed in 4 , sporozoite infections of 
the salivary glands were observed in two specimens 


P mvax. 


Serial number | 

Experiment numbei 

Ticket number 

Name of 
gametocyte 
earner 

1 

Date of 
feed 

Date of 
dissec 
tion 

RESULTS 

1 : 

' Gut i 

1 

j Gland j 

j Total 

Number 

examined 

Number 

positive 

Number 

examined 

Number 

positive 

Number 

examined 

Number 

positive 

1 


1 

12197 

Nartik ! 

13-12-30 

26-12-30 

1 

7 

2 

7 

0 

7 

I 2 

o 


19 

Upendta ^ 

7-1-31 

19-1-31 

3 

i 0 

3 

0 

3 

! 0 

3 

144 

450 

Panchi i 

21-1-31 

3-2-31 

1 

1 

1 

1 

1 

1 

4 

145 

598 

Knsto 

24-1-31 

3-2-31 

5 

1 

0 

6 

0 

5 

1 " 

Total 

16 1 

3 

16 1 

1 

I 

t ' 

1 1 

i 16 1 

1 i 

3 
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Expe-iimental Infechon of Anophehne Mosquitoes 


Three out of 16 specimens of this species took infection with P vivax and 
sporozoites were obseived in the salivaiy glands of one specimen 


P mala) ice 




j 



RESULTS 

Expen- 

ment 

number 

Ticket 

Name of 
gametocyte 
carrier 

Date of 

Date of 
dissec 
tion 

Gut 

Gland 

Total 

number 

feed 

-^3 
u o 

^ 3 

S 9 

o j 

Number 
positn e 

•73 
u o 

a a 

% 

o 

Number 

positive 

T3 
^ O 

O s 

a 1 
il ^ 


233 

7906 

Subhode 

19-8-31 

31-S-31 

1 

1 

1 

0 

1 

1 


In this experiment one quartan oocyst was observed in a poorly developed 
condition on the 12th day after feed The above-mentioned experiments show 
that A vaiuna is susceptible to experimental mfection with P vivax and 
P falcipaium In both infections the development of the parasites proceeded 
to the stage of spoiozoite infection of the salivary glands As regards its 
susceptibihty to P malaiice, the number of experiments carried out m this 
senes is too small to be of much value 


Relative susceptibility of species of Anopheles to infection 

In view of the fact that negative results do not form conclusive evidence, 
especially where the number of observations is small, only positive findings have 
been taken into consideration in the followmg discussion of the results — 

P falcipaiuni 

Among the several species of Anopheles on which experimental infection was 
attempted, seven species were observed to be susceptible to experimental 
infection with P falcipaium, namely, A aconitus, fuliginosus, yamesi, ludlovn, 
minimus, stephensi and varuna In all of them, except m A ludlom, the mfection 
developed to the stage of sporozoites in the sahvary glands Only a single observa- 
tion was made with A ludlowi, and m this case a large number of oocysts (more 
than 20) were seen m the gut , many of the oocysts were mature and contained well- 
developed sporozoites 
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A summary of the results of positive findings of infection with P falcifaium 
IS fmmshed below — ■ 


P Jalcipa) uni 


Spcciea of ■luopheles 

Gut j 

S U,l\ AU\ 

GLAND'. i 

Totai 

Number 

evammed 

j Number 

1 pomivo 
for 

oqovsH 

i 

i 

Number ! 
cAaminod 

j 

1 Number 

1 positive 
for sporo 
j voltes 

Number 

evamined 

Number posi 
ti\e for oocjBts 
or Bpoiozoites 
01 bo+h 

J acoiiilus ' 

1 

1 

1 

i 

1 

1 

1 

•1 fuhginoaus j 

1 

58 

19 1 

78 

' ! 

38 

20 

4 gamesi 

4 

0 


■ 

4 

2 

A ludlom var sunJaua 

' 1 

^ 1 

' i 

» 1 

1 

1 

A mmnnua 

1 

1 

1 

1 

i 

1 

1 

1 

A AejihLnai 

122 

71 ' 

122 ! 

1 

32 

122 

76 

A varuna 

14 

3 1 

1 

j 

14 

2 

14 

1 

1 

i 

4 

» 


Of the several species foimd susceptible to P falciparum infection, A fuhginosus 
showed the least tendency to develop a sporozoite mfection, as only 1 out of 
20 positives had sporozoites in the salivary glands Heavy oocyst infections 
were often observed in this species and, m several mstances the oocysts were 
mature and contained fully formed sporozoites But as compared with the 
other susceptible species, A fuhginosus appears to be less susceptible to infection 
and the tune taken for oocysts to mature was observed to be longer than in 
the other species 

P vivax 

Six species of Anopheles were observed to be susceptible to infection with 
P vivax, namely, A aconitus, fuhginosus, hyrcanus, minimus, stephensi g,nd varuna 
Sporozoite infection of the salivary glands was observed m all of them, except in 
A hyrcanus and A. minimus 
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Expenmental Infechon of Anofliehne Mosqmtoes. 


An oocyst infection was observed in one specimen of A Jiyicamis out of six 
specimens dissected The positive specimen had a single large oocyst with fully 
formed sporozoites The records aie furnished below — 


P vivax 


Species of Anopheles 

Gut 

Saliv.vky 

GL\NDS 

Total 

Number 

examined 

Number 
positive 
i for 

oocysts 

1 Number 

1 examined 

Number 
positiv e 
for sporo 
zoitcs 

i 

Number 

examined 

Number posi 
tiTO for oocysts 
or sporozoites 
or both 

1 

A acomtua 

1 

1 

1 

1 

1 

1 

1 

A fuhginosus 

1 

40 

4 

40 

6 

40 

9 

A hyrcanus 

G 

1 

6 

0 

G 

1 

A minimua 

10 

1 

10 

0 

10 

1 

A atephensi 

112 

43 

112 

^8 ; 

112 

69 

A varuna 

16 

3 

16 

1 

16 

3 


P malancB 

Only four species were obseived to be susceptible to infection with 
P mala) ice, while all the others gave negative results The species observed 
to be susceptible to infection with P mala^xce are A cuhcifacies, ludloui, 
stephensz and va)U)ia The lesults are furnished below — 


P malaiiw 


Species of Anopheles 

1 

Gut 

Salivaky glands 

1 

Total 

Number 

examined 

Number 
positive i 
for i 

oocysts 

Number j 
exammed 

i 

Number 
positive 
for sporo- 
zoites 

Number 

examuied 

Number posi 
tivefor oocjst 
01 sporozoites 

or both 

A cuhcijaciea 

1 

1 

1 

2 1 

1 

0 

2 

1 

A ludlowi var aundaica 

6 j 

0 

6 

1 

6 

0 

A stephenai 

54 1 

11 

64 

9 

54 

' 16 

A varuna 

1 

1 

1 

0 

1 

t 1 

1 
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Of the four species, sporozoite infection of the salivary glands was observed 
in only two species, namelv, A ludlowi and A itepJunsi * One specimen of 
A lud^owi vai sundaica and nine specimens of A slephensi were observed to 
develop a sporozoite infection of the salivary glands These results are of 
considerable interest m view of the difficulty which workers have experienced in 
producing a sporozoite infection of salivari glands with quartan parasites 

James (1931) has shown how very difficult it is to obtain a sporozoite infection 
of the salivary glands with quartan parasite& As Bojd (1930) says, ‘ there are but 
few authentic records of expeiimental transmission of P malaiice by means of 
mosquitoes ’ Various woikers using different species of Anopheles have experienced 
dl^ficult^ in obtaining a salivary infection of the mosquito with P malance and 
although several of them succeeded in getting oocyst infections successful sporozoite 
infections of the salivary glands have been very rare James (1931, p 482) sum- 
marizes the previous findings as follows — 

‘ It does not appear from the papeis I have read that Grassi ever succeeded 
m cultivating the quartan parasite in mosquitoes beyond the stage of small oocysts 
m the stomach wall and, so far as I can ascertain, no later Italian worker seems to 
have been more successful Jancso made eighteen feeding experiments on cases 
infected wuth this parasite, but only four were successful (zjgotes in the stomach 
wall) and none of his three experiments to transmit the parasite fiom mosquito to 
man had a positive result He remarked, “ It is very difficult to obtain a successful 
infection with quaitan malaria ” and his tabular statement of the period required 
at different temperatures for macidipenms to become infective (sporozoites in the 
glands) contains only one record relating to quartan infection Stephens and 
Christophers, m 1901, fed specimens of five species of Indian Anopheles repeatedly 
on four different cases, but nearly two-thirds of all the mosquitoes used failed to 
become infected, and two was the largest number of zygotes found in any mosquito 
Sporozoites m the glands were found in only one of the five species of mosquito 
used Swellengrebel in the Dutch East Indies fed four species on two patients 
whose gametocytes numbered from 12 to 23 per 500 leucocytes, but only two speci- 
mens out of 300 became mfected Walker and Barber, m the Philippines m 
1913, had no successful result m twenty-four experiments Becently Dr Eichard 
Green in the Institute for Medical Research, Federated Malay States, has reported 
that, as regards sporozoites m the glands of A maculatus fed upon quartan cases, 
his results have invariably been negative, though m several experiments theie w ere 
small zygotes m the stomach wall ’ Recently there have been two reports of 


* It was mentioned (Iyengar, 1931, footnote on p 511) that the author had effectively produced a 
sahvarj gland infection in A stephensi, A ludlowi and A fuhginosus with q^nartan parasites The 
last mentioned species has been omitted here for the reason that the gametooyte earner on whom 
this species u as fed was subsequently found to have a mixed infection of quartan with tertian 
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expeiimental infection of Anopheles with quaitan parasites Averbuhh (1930) 
icpoited that he tiansmitted quaitan infection to himself through the bites of 
Anopheles niaculijienms vai saclunovi fed cxpeiimentally on a patient suffering 
fioni quartan inalana He fed three of the mosquitoes on himself on the 36th day 
after the infective feed and he developed quaitan malaria 32 days latei Auazawa 
(1931) reports the finding of sporo/oite infection of the salivary glands m three 
specimens of A fuhginosus fed cxpeiimcntally on a quaitan carrier"* 

InfeclivUy of the (jamelocyle earner to the mosquito 
Hitheito we did not take into consideiation those experimental feeds uhich 
failed to pioduce an infection in the mosquito, and considered only those that proved 
inlective to the mosquito aftei a single feed ’When one considers the number 
of expeiiments which resulted in a successful infection (oocysts or sporozoites) 
in 1 elation to the total numbei of expeimients, there aie some outstanduig 
differences m the relative infectmty of gametocyte cairieisof the three species 
of Plasmodium 


Species 

Total number of 
gametocyte earrieis 
on irhom mosquitoes 
were fed e\peri 
mentallv 

Number that proved 
to be infectious to 
the mosquito m a 
single feed 

EfTecti'v e infecti 
vity rate among 
gametocyte 
cairiers 

P falciparum 

37 

25 

67 6 per cent 

P. vivax j 

45 

IS 

40 0 

P malarice 

33 

7 

21 2 


) ' lut of 37 P falcipaium gametocyte earners, 67 6 per cent were observed to be 
^ to the mosquito in a single feed In the case of P vivax, 40 per cent of the 
^ observed to be capable of effecting a mosquito infection and the effective 
^west (21 2 per cent) among P mnlaiice gametocyte carriers As 
yp 67 -68) says ‘ Attempts to induce experimental infection succeed 
with P falcipaium, someuhat less readily with P vivax and are 
cult with P malavice ’ The variations in the relative mfectivity of 

A* 


J ub Health Eepts , U S Tre<tsuiy Depaitment, 47, No 35, Aug 26, 1932, 
ijau^ e rc'iults m mfectiou experiments ivith A quadrimaculatus and A crucians, 

»Tti. fed on quartan carriers In one specimeu of A punchpennts 

itci m tho salivary glands 
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gametoc> te earners in the three infections are probably largely responsible for this 
difference It ivas thought tliat the greater ease with which mosquitoes could be 
infected e\perinientall} nith P falciparum nas due to the more intensive miec- 
tions that occur m subtertiau infections and that the difficulty of infecting the 
mosquito n ith P malanw nas due to sparseness of gametocytes in the blood 
This Men that mosqmto infection is dependent on the intensity of gametocytes 
in the blood does not hold good One frequently observes that heavy gametocyte 
carriers are poor infectors, n bile carriers with low gametocjte counts often infect 
niosqmtoes effectively Green has shown how carriers with ver;y low gametocyte 
counts can serve to effect a mosquito infection and that negative results 
are by no means raie with even heavily infected carriers James’ summary of 
Green’s results is quoted below — 


Lowest number of gametocytes when some 
indi\ndual members of a battb of 
.4 maculalus became infected 

Highest number of gametocytes uhen no member 
of a batch of A maculalus became infected 

P falciparum 

P vicax 

P malaria: 

1 1 

P falcijiarum j 

P vnax 

P malanie 

1 gameiocvte 
to 200 leuco 
evtes or 42 
per c mm of 
blood 

1 I gametocyte 
to 1 000 leu 
cocj tes or 
10 per c mm 
of blood 

1 

I 

1 gametoofte 
to 330 leuco 
etdes or 27 j 
per c mni of 
blood 

i 

60 to 100 leuco i 
cites or 2,310 
per c mm of i 
blood ' 

12 per 100 leuco j 
cytes or 900 
per c mm of 1 
blood , 

6 per 100 
leucoc J t e s 
or 300 per 
c m m of 
blood 


James (1931) experienced failures m infecting mosqmtoes from carriers with 
gametocide counts as high as or even higher than those with which Green obtamed 
negative results 

From the present series of observations a similar statement could be made of 
the residts of infection experiments with Anopheles siephensi — 


Lonest nuznber oi gametocytes when ir u l <• . . 

at least one mosqmto developed the number of gametocytes when none 

infection woscimtoes developed an infection 


P falciparum 

P max 

P malaricc 

! 

P falciparum 

P max 

P malarim 

1 gametocyte 
to 100 leuco 
cytes 

1 

1 1 game‘ocite 

1 to 200 leuco 1 
j cytes 

1 gametocyte 
to 200 leuco 
cytes 

20 gametocytes 
to 100 leuco 
cytes 

1 

16 gametocytes 
to 100 leuco 1 
1 cytes j 

8 gametocytes 
to 100 leuco 
cyte= 
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Expenmenlal Infection of AnopJiehne Mosquitoes 


These results show that in each of the species of Plasmodium the richness of 
gametocytes in the blood is not the factoi which determines the infection of the 
mosquito It has been possible to obtain an infection of the mosquito in a single 
feed with very poor gametocyte counts and to experience failures with earners 
having a much higher gametocyte incidence 

Another view put forward to explain the difliculty in obtaming quartan infec- 
tions of mosquitoes is on the basis of tlie sex-iatio among gametocytes It is 
thought that, in infections in winch male and female forms are present m nearly 
equal numbers, greater chances aie offered foi an infection of the mosquito than in 
those in which the male and female forms are disproportionate m number 
But there is little evidence to show that an equal distribution of male and 
female forms occurs in P faleipa)um infections and that it is less equal in the other 
two species 

James (1931) has shown that the quality of the gametocytes is the main factor 
which determines mosquito infection and that intensity of infection is not of any 
great significance , negative results aie not uncommon in experimental feeds on 
even very heavy gametocyte caiiieis in which the gametocytes had not reached the 
particular stage of ‘ ripeness ’ He judges the infectivity of the carriei by the 
presence of a sufficient number of quickly exflagellatmg micro-gametocytes But, 
as he says, this test is a good indication in P viva% gametocytes whereas with regard 
to P malancB and P falcipaium ‘ even the finding of considerable numbers of 
exflagellatmg male forms has not proved a sure sign that macuhpenms will become 
infected ’ 

The difference in the relative mfectivity of the gametocytes of the tertian, 
sub tertian and quartan parasites mentioned previously is largely due to difference 
in the quality oi ripeness of the gametocytes , judged fiom these results the mci- 
dence of ripe gametocytes is highest among P faJripaium, less frequent in P wt'ua. 
and least in P malan'ce Similariy gametocyte carriers that are infective to the 
mosquito foim a comparatively high piopoition in the case of P fahipanmi infec- 
tions and a very low proportion in P malance infections 

Effect of f)uit juice on the development of oocysts 
In all these infection experiments laboratoiy-bied mosquitoes were fed on 
raisins until the day of the infective feed, and after the infective feed they were 
kept solely on raisins The experimental feed on the gametocyte carrier comprises 
the only blood feed that the mosquitoes got, and they were kept on raisins both 
before and after the single experimental feed The positive results in many of these 
experiments show that feeding mosquitoes on raisins has no inhibitory influence 
on the development of ooci sts Heavy oocyst infections have often been observed 
in this series of experiments and in a large number of cases the oocysts developed 
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well and produced sporo/oites in due conise Tins confirms the findings of 
James (1931) that feeding mosquitoes on fruit is not deleterious to oocyst 
production and development 


SUMJfARY 


Infection experiments were earned out with several species of Anopheles by 
feeding laboiatoiy-bred mosquitoes on gametocyte earners Seven species were 
found susceptible to expenmental infection with P falcipaium, namely, A acomtus, 
A fuliginosus, A jamesi, A litdloni vai sundmea, A minimus, A stephensi and 
A varuna Of these, A fuhgmosus appealed to be less susceptible to infection 
than the other species 

Six species of Anopheles were observed to be susceptible to infection 
with P vivax, namely, A acomtus, A fuhgmosus, A hyicanus, A minimus, 
A stephensi and A vaiuna Of these, a! //yicanws showed the least susceptibihty 
to infection 

Four species were observed to be susceptible to infection with P malance, 
namely, A culicifacies, A ludlowi, A stephensi and A varuna Sporozoite 
infections of the salivary glands were observed in two species A ludlowi and 
A stephensi 

The proportion of gametocyte carriers that proved to be infective to Anopheles 
varied in the three Plasmodium infections The effective infectivity rates among 
gametocyte carriers were found to be P falcipai um 67 6 per cent, P vivax 40 0 
per cent and P malaria: 212 per cent The variation m the mcidence of ‘ ripe ’ 
gametocytes in the three infections seems to be the leason for the difference in the 
effective infectivity of gametocyte carriers 

Feeding mosquitoes on fruit has no inhibitory influence on the formation or 
development of oocysts 
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' A COLORIMETRIC method foi the estimation of vitamin A, based upon its 
reaction with arsenic trichloride or antimony trichloride, has long been knoivn 
and much work has been earned out on the subject A chemical method for the 
estimation of other vitamins has been wanting and only verj recently Spriiyb (1930) 
has worked out a coloiimetric method for the estimation of vitamin B in samples 
of rice By feeding experiments on nee birds {Munia maja and Muma 
leucogastroides) he has shown that the results of his colorimetric method run 
parallel to the clinical results, a fact which appears to us to afford a better 
future for this method than the one for vitamin A 

We had occasion to isolate some Autamm B from rice polishings by Jansen and 
Donath’s method (1927), in order to studv its pharmacological action During 
the course of investigations on the ben-ben problem of Bengal by Lieut -Colonels 
Acton and Chopra it seemed desirable to find out the relative vitamin B contents 
of some common Indian samples of nee We tested oimr 50 samples of rice collected 
m or near Calcutta either from the nee dealers or from some of the rice mills A 
few samples were also obtained direct from Burma The investigation has elicited 
a few interesting points and we are recording these in this first report 


* An abstract of this paper was sent to the Indian Science Congre‘<s in January 1931, but the 
detailed paner was not published earher as we uero waiting to confirm some of our results by siniul 
taueous feeding experiments and colonmetrjo estimations These liave now been earned out and 
the results will be communicated m another paper 

( 863 ) 



864 Vitamin B Content of Different Samples of Indian Rice 


Spruyt’s method is desciibed as follows — 

‘ Ton grammes of nee {whole grams), 50 c c of Solution A (a 1 per thousand solutionof salicjlio 
acid to which were added a quarter per cent solution of sulphuric acid and a fen ijrops of toluol), 5 
grammes of Norite (a proprietary charcoal) and 5 drops of toluol n'oro taken in a nidc mouthed bottle 
of 300 cc capacity and slowly rocked (i 10 strokes per minute) for 20 hours The mass was 
then filteied and 20 c c of the filtrate ncro pipetted into a centrifuge tube and 4 c c of a solution 
of phospho tungstic acid (Solution B, containing 50 grammes of dry phospho tungstic acid per 100 e e 
of solution) were added The solution was then cooled in a freeaing mixture of ice and salt for a feiv 
hours and then placed in a thermostat a* 30°C for J2 hours, it nas next centrifuged in a Eunne 
centrifuge (J; 3,000 revolutions per minute) aftci adding half gramme of very finely divided filter 
paper The clear liquid was decanted, the precipitate nas stirred twice with 20 c c of Solution A and 
centrifuged The precipitate was then transferred with HCl (sp gr ±1 1) to a 500 c c wide mouthed 
flask, reduced with zinc until the final browmish red colour w as attained The contents of the fla“k 
were transferred to a 250 c c measuring flask and n little stannous chloride w as added to make 
the colour more permanent Aftoi cooling, the flask was filled up to the mark, the liquid was filtered 
off and examined colonmetricallj by compaiison with a standard colour gauged upon a glass slide 
The colour of the slide appeared to correspond to a column of 38 mm of a solution obtained bj the 
reduction of 10 c c of a solution of phospho tungstic acid (2 071 grammes of dry substance per 100 
c c ) diluted up to 250 c c Besides this, a blank test (20 c c Solution A and 4 c c Solution B) 
was carried out in each senes to decermine the colour due to the phospho tungstic acid letamed by 
the filter-paper The mdioes obtained pioved to he fairly constant with vanations of at mo«t 
10 per cent ’ ' 

We made some slight modifications in the method to suit our laboratory 
conditions and we describe in detail some of the points which we found helpful in 
order to secure more uniform results — 

Ten grammes of rice (whole grains), 5 grammes of Noxite (obtained from Java), 
50 c c of Solution A and a few drops of toluene weie taken in a 250 c c bottle 
which was then tightly closed with a lubber-stopper, made secure and then placed 
in a shaking apparatus The strokes weie of moderate intensity and the shaking 
was continued overmght until 20 hours were completed (We also found by trial 
that by reducing the time of shaking to 10 hours, the colour-index obtained was 
the same ) The extract was filtered through a diy filter and 20 c c of the filtrate 
weie taken in a centrifuge tube of about 28 c c capacity (diameter 1 inch, length 

inches) Four c c of Solution B were then added, the solution gently mixed 
and left overmght in a cool place to settle The precipitate which adhered to the 
sides of the tube was scraped down with a glass-rod and mixed with 0 3 gramme 
of dry paper-pulp (prepared beforehand from good quality of filter-paper and 
dried) It was then centrifuged for 5 minutes at 3,000 revolutions per minute 
The supernatant liquid was pipetted ofi and the precipitate washed twice with 20 
c c of Solution A, centrifuging each time for 5 minutes’*' The precipitate mixed 
with the paper-pulp was then carefully transferred with 25 c c of HCl (sp gr 11) 
to a comcal flask of about 250 c c capacity As no coloured glasses were 

* In the absence of a large centrifuge, we found that the work coiild be carried out with equal 
satisfaction by dividing the solution in two smaller cenfnfuge tubes and using revolutions of not 
more than 2,000 per minute, the time of centnfugmg being increased to 10 minutes 
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available foi compvrison, we used anothei siinilai flask, lu which wms placed 0 3 
gramme of paper-pulp, 10 c c of a standard solution (containing 2 071 pei cent of 
pure, dry phospho-tiingstic acid) and 25 c c of HCl (sp gi 11) 

The solutions weie then lediiced with pure, aisemc-fiee gianulated zinc, the 
acid and zinc being repl iced as soon as the reaction appealed to slow down The 
flasks w eie constantly shaken to help a uniform and quick reduction and they were 
provided with Bunsen valves to avoid ie-o\idation About 80 c c of the HCl were 
necessiiy to complete the i eduction The process of reduction occupied about 
2 horns and as daylight piovcd moie suitable foi the readings with the colorimetei, 
we found it moie expedient to stait the leductioii eaily in the dav An economy 
of time IS effected by stxrting 6 oi moie samples at a time and 18 samples can be 
easily managed per week 

Duiiiig the 1 eduction the solution fiist tmns blue, which gradually changes 
to blue-black and finalh to brown M hen the final change had taken place, a 
pinch of solid stannous chloiide w’as added and it was dissolved by shaking The 
solution was then filtered into a 250 c c measuring cvlinder, the paper-pulp washed 
carefully with another 20 c e of the HCl to avoid precipitation and the solution 
finally made up to 250 c c with distilled watei 

The colour of the solution was matched witli the standard in an Leitz 
Wetzlar Coloriinete'’ keeping tlie height of the standard at 38 mm The coloui- 
index number was then calculated, taking that of the standard as 100 As the 
solutions giadually deposit a precipitate with a change of shade, all the comparisons 
should be flmshed as quickly as possible 

A few blank tests with 20 c c of Solution A and 1 c c of Solution B were carried 
out to determine the colour which could be imputed to any phospho-tungstic acid 
retained by the filter-paper , the lesults were all negative By starting the reduc- 
tion of the standard at the same time and under exactly similar conditions as the 
unknown, any flight error due to the stage of reduction was avoided In ordei to 
test whether we were getting umform results, we repeated the examination of some 
of the samples 5 or 6 times 

Tabli, 


Serial 

numbers 

Classifi.cation and description 
of lice 

i 

Source 

! 

Colour 

index 

Resiaeks 

1 

Burma ifae (sun dried) 

‘ Rangoon Atap,’ first quality 

Local dealer 

107 


2 

‘ Emata Atap ’ 

Prome 

122 


3 

‘ Ngasein Atap ’ 

Pwinb^ u 

ll'’ 


4 

‘ Kamakvi Atap ’ 

Hanfcliawaddj- 

12S 

> 

5 

‘ Letywezin Atap ’ 

Insem 

126 



J, MB 


13 
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of the soiccteil led cjiains was found to he piacticall} the same as that of the whole 
sample, viz , IGl The same iice, when polished, showed a coloui-indev of 
only 122 A middle giade ‘ balam ’ unpolished itce gave a colour-mdei of 196 
(an average of 7 assays) and the same rice wdien polished had a colour'index 
of 166 The outer coloiu of iice is not, therefoie, an indication of its increased 
vitamin B content and a good deal depends upon tJie degree of polishing The 
average of the 24 samples of ‘ atap ’ iite is 110 and the average of the 22 samples 
of parboiled iice is 133 The a\ ciagc of tlie few samples of hand-hulled ( dhenki’) 
‘ atap ’ IS only 84 and the average of the dhenki-lmlled ’ parboiled rice is 117 
‘ Atap ’ rice, as found in the mailcet, is geneially thiiee-hulled and thus shows a 
lowei eoloiu-index, and possibly a lowei content of vitamin B, than parboiled iice, 
and this appeals to be contrary to the prevalent belief Again, the samples of 
‘ dhenla-hulled ’ nee examined have been found to possess a loiver colour-index 
than even ‘ mill-hulled ’ iice, and this also appeals to be contiaiy to the 
prevalent view in India The most impoitant factor aftecting the vitamin B 
content of rice appeals to us to be the degree of polishing to which the grams 
have been subjected 

Summary and conclusions — Ovei 5G samples of Indian rice were tested by 
Spiuyt’s eoloiimetric method recently published Some slight modifications oi 
the original method have been made to suit the laboratory conditions and the) arc 
described in detail The results show that the coloui of the gram is not always an 
indication of its highei coloui-index and possibly its vitamin B content The 
average colour-index of the samples of ‘ atap ’ rice, which is generally thrice-hulIed, 
IS found to be low-ei than the average for the parboiled samples The few samples 
of ‘ dhenki-hulled ’ rice examined weie also found to have a lower colour-index 
than the ‘ mill-hulled ’ samples ‘ Bazar atap ’ rice, which is generally thrice- 
hulled, may thus often have a lower content of \itamin B than parboiled rice, and 
‘ dhenki-hulled ’ rice may also often have a low ei content of vitamin B than 
the ‘ mill-hulled ’ sample, contiaiy to the usual belief in India The most im- 
portant factor affecting the vitamin B content of rice appears to us to be the degree 
of polishing to which the grams have been subjected 

In conclusion, we desire to express our grateful thanks to Lieut -Colonel 
H W Acton, c I E , IMS, who has all along taken a keen interest in the work 
and at whose suggestion we took up the investigation 
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NOTES ON SOME INDIAN SPECIES OF THE GENUS 
PHLEBOTOMUS 

Part XXXII 

PHLEBOTOMUS DENTATUS N SP 

BY 

Libui -Colonel J A SINTON, me, e sc , i m s 
{Fwm the Malana Survey of India, Easauh ) 

[Peceivec' for publication, August 25, 1932] 

In 1922 <i collection of Phlebolomus pieseived m spirit was received fi oni He 
late Di N Annandale, ers, labelled as collected m 1911 by Lieut -Colonel 
'Wimbeiley, i m s , in Quetta, Balnclustan These specimens after mounting m 
balsam were identified as P nnnutus var and as P seigenti Kecently, on 
account of the diagnostic importance of the buccal and pharyngeal structures in 
this genus, it was decided to remount the former specimens to display these parts 
When this was done it was found that the specimens belonged to a new species 
Unfoitunatelj, as is frequenth the case with specimens pieserved in spirit, many 
of the appendages were missing There were 2 females and 1 male in the 
collection and it is proposed that the new species be named Phlebolomus dentatus 

Phlebotomus dentatus N SP ( 2 ) 

The measurements of the different parts of the two co-type females are given 
ill Table I 

The total length of the insect is about 2 4 mm and the hairs seem all to be 
recumbent on the dorsal surfaces of abdominal segments II — VI 

The buccal cavity (Plate XXXVII, fig 4) has a curved armatiiie consisting 
of four very large pointed teeth on each side and six much smaller median ones 
No trace of a pigmented area could be seen 

The pharynx (Plate XXXVII, fig 3) has a well-developed armature 
consisting of numerous long slender teeth anteriorly, with smaller teeth posteriorly 
and towards the middle line The greatest width of the- pharynx is about- twice 
its narrower anterior portion and its length is about 2J tunes its greatest 
breadth 

The antennae are absent in both specimens 

The palps (Plate XXXVII, fig 2) were very distorted in one specimen but 
the formula seems to be 1, 2, 4, 3, 5 Newstead’s spines are situated on the 
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basal half of the 3rd segment and number about 40 This segment is much 
stouter than segment 4 

Table I 


Phlebotomus dentatus N sp ( 9 $ ) 




Lengths in mm 





of specimens 




Structures 

number — 


Remarks, relative lengths, etc 



1 

2 




Clypeus and head 

0 343 

0 343 



p 

Thorax 

0 714 i 

0 643 



o 

p 

Abdomen 

1 283 

1483 



Total length 

2 35 

2 47 




HI 

Labium 

0 230 

0 214 




Pharynx, length 

0 loO 

0 156 

-= 2 44—2 5 X breadth 

o 

s 

Pharynx, breadth 

0 060 

0 063 




Segment 1 


0 036 

Formula 1, 2, 4, 3, 5 

p 

Segment 2 


0 078 



p 

Segment 3 

0 117 

0 132 

i 


<1 

Segment 4 


0 108 



Pw 

Segment 5 

moil 

0 201 




Total length 

0 500 

0 555 

1 

. 


j 

Length 

1 G43 

1 710 

i 

5 4 X 

breadth 





a 



Breadth 

0 300 

0 314 

— = 

0 55—0 60 — = 0 01—1 0 





/3 

y 


a 1 

0 157 

0 170 

a 

b 





— = 

0 55—0 57 0 27—0 41 

o 


0 285 

0 285 

y 

a 




a 

9 

M 

y 

0 285 

0 314 

E 

0 53 —,= 26 

£ 


s 

0 043 

0 070 

\ 



£ 

0 300 

1 

0 314 

e 

Wing 

= 0 54—0 56 =r 2 11—2 03 


e 

0 785 

0 810? 



The wings (Plate XXXVJT, fig 1) are poorly preserved in both specimens, but 
the measurements in Table I are approximately correct The wing is very lan- 
ceolate and nearly 5| tunes as long as broad fi is about equal to y, while a is a 
little more than half the length of either of these , the ratio 2 over is 
about 0 3 
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Tke spei mathecae (Plato XXXVII, figs 5 and 6) are large and pipe-shaped, 
with wide ducts resembling those of P ininulus s str The furca has a fringed 
base The genital area shows sevcial transverse rows of teeth 

Differential diagnosts 

The shape of the unsegmented spermatheca and the absence of erect 
abdominal hairs separates this species from all those of the erect-haired group 
The morphology of the buccal armature and the large size of the teeth differentiate 
it from the other members of the recumbent-haired division 


Phlebotomus dentatus N sp ( d ) 

The measurements of the different parts of the type male are given in 
Table II 


Table II 


Phlebotomus dentatus n SP ( d ) 


Struoturea 

Leogth 

lU 

mna 

Kemarks, relative lengths, etc 

!x 

Clypeus and head 

0 357 


« 

Thorav 

1 0 500 


O 

Abdomen, proper 

1 070 


W 

Supenor clasper, seg 1 

0 276 



Total length 

2 20 



Labium 

0 170 

i 

i 

D 

Phatynx, length 

0 120 

= 3 33 X breadth 

o 

Pharvns breadth 

0 036 


S 





Segment 1 

0 030 

Formula 1, 2 4, 3, 5 

(L 

Segment 2 

0 075 

Relative lengths 2 7, 6 8, 11 0, 10 0, 19 1 


Segment T 

0 120 


^ 1 

Segment 4 

0 110 1 


Oi 

Segment 5 

0 210 



Total length 

0 546 ! 



Supenor clasper, seg 1 

' 0 276 

= 2 19 X Beg 2 , 1 70 x infenor clasper 


Superior clasper, seg 2 

' 0 126 

= length of spines 


Intermediate appendage 

, 0 225 

= 0 81 X seg 1 


Intromittent organ 

0 174 

= 0 77 X intermediate appendage 


Gemtal filament 

0 018 

(Length protraded) 


Infenor clasper 

0 258 

— 1 32 X subgenital lamella 

O 

Subgemtil lamella 

0 195 



The total length of the insect is about 2 2 mm 

The buccal cavity (Plate XXXVII, fig 7) shows a number of large teeth on one 
side, those on the other cannot be seen No trace of a pigmented area was 
found 
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pharynx (Plate XXXVII, fig 8) has seveial lows of stout teeth, about 6 
in each anterior low and about 3 in the posteiioi ones The gieatest width is 
about twice the nariow anterioi portion and its length is almost 3} tunes its great- 
est bieadth 

The antennae aie both missing 

The palps (Plate XXXVII, fig 9) have a foimula of 1, 2, I, 3, 5 and the 
relative lengths of the segments are 2 7, 6 8, 1 3 0, 10 0 and 19 3 respectively 
Xewstead’s spines number about 7 or 8 and are situated on the basal half of the 
3rd segment 

The wings aie both missing 

The male gemtaha (Plate XXXVII fig 11) aie of the minutus type The 
distal segment of the supeiioi claspei bears 4 long curved spines almost as long as 
the segment These spines arise apicallv Both this segment and the pioximal 
one aie long and narrow The intiomittent oigan (Plate XXXVII, fig 10) has a 
bluntly pointed end fiom which the genital filament is protiuded for a short 
distance This portion of the filament is very curved and has a lounded end 
The ends of the intei mediate appendages are not so markedly beak-shaped 
as in some other species 


Biffei entzal diagnosis 

The shape of the genitalia sepaiate it from all the species with nimierous erect 
hairs on the doisum of the abdomen The absence of scais of erect hairs on the 
dorsal surfaces of abdominal segments II — VI difterentiate the species from any of 
the sub-genus Sintonius The buccal armature and the long and narrow distal 
segment of the superior claspei seem chaiacteiistic of this insect 

The aemtalia of the male of P deiitalus resemble those of P fallax Pairot 
(1921) described from North Africa There is the same long distal segment to the 
superior clasper and the same palpal foimula Parrot (1921) stated that the 5th 
01 non-deciduous spine was absent fiom the supeiior clasper but Nitzulescii (1931) 
and Theodor (1931) lepoit that this spine is present but very atiophied and situated 
close to the othei spines The spine figured by Nitzulescu (1931) is much smaller 
and more distal than that of P dentatns The narrower intromittent organ and 
the absence of a pigmented area also distinguish P dentatus from P fallax 
The female of P fallax has not been described, so in the meantime 
P dentatus is considered to be a new species 
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NOTES ON SOME INDIAN SPECIES OF THE GENUS 
PHLEBOTOMTJS 

Part XXXIII 

FHLEBOTOMVS HODGSONI N SP 

Lieut -Colonel J A SINTON, Ji d , u sc , i m s 
(F)om the Malana Suii'cij of India, Kasauh ) 

[Received for puUicatiou, September 13, 1932 ] 

Among a collection of Pldebotomus received in 1923 from Major D Clyde, 
IMS, from AVaziristan, was one labelled from ‘ M O’s Tent, Jandola, 5tb August, 
1923 ’ This specimen, whicb was a female, was unfortunately incomplete, but it 
appealed to be a new species belonging to tbe group witb scantj- erect abdominal 
hairs (sub-genus Sintomus of Nitzulescu, 1931) Since that tune no more 
specimens of this species were received until this year Through the kindness of 
Colonel E C Hodgson, dso,khp,ims,adms, Peshawar District, I have 
obtained se\eral collections of Phlebotomus from the Peshavar area and among 
these were a number of specimens of this new species, for which I propose the 
name Phlebotomus hodgsom My sincere thanks are due to Colonel Hodgson and 
also to Major C F Anthonisz, B A M c , and Captain A Sachs, R A M c , who 
made the collections 

Specimens from the following places are now available foi study — 

(а) Jandola, AYaziristan (about 2 000 feet) — 5-8-23 (Clyde) 1 2 

(б) Cherat, Peshawar District (4,500 feet) — (z) 14-6-32 (Sachs) 1 ? , 21-6-32 

(Sachs) 5 9 9 , 2 d d , 26-6-32 (Sachs) 2 $ 2 , 1 cf (^^) 6-32, 

Wash-houses, Eegimental Barracks (Anthonisz) 2 2 2,3 d d , 
Officers’ Quarters, Haly’s Hill (Anthonisz) 1 d (zzz) 1-7-32, 
■Residential Quarters (Anthonisz) 1 d (zv) 2-7-32, Wash-houses, 
Regimental Barracks (Anthonisz) 3 2 2,1 d 
(c) Landi Kotal, Peshawar District (3,500 feet) — 24-6-32 (Sachs) 3 2 9, 
- _2_c5'.d' 
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Phlebotomus hodgsoni N sp ( $ ) 

Appeal ances tii (hy stale 

General appearance a medium-sued, daxk giey sandfly The integument of 
body daik brown, except sides of thorax lighter AVings with dark grey hairs 
and blnish-golden iiidescence of membiane Abdominal hairs light brown, with 
few erect ones on doisal surfaces of abdominal segments Integument of legs 
dark brown with silveiy scales Halteres black 


Appearances tn stained and mounted specimens. 

The measurements of the diflieient parts of four females are given in 
Table I 


Table I 

Phlebotomus hodgsoni N sp ( $ ) 




Lengths in mm 

of specimens 




number — 





Structures 





Eemarhs, relative lengtLs, etc 



n 

2 

3 

1 

4 



Head and clypeus 

0 370 


0 400 



p 

Thorax 

0 614 


0 730 



o 

Abdomen proper 

1 114 

I 857 

1 530 

1 570 


M 

Superior clasper 

0 170 


0 170 

0 170 



Total length 

2 27 

1 

31 1 

28 

28 


M 

Labium 

mi 

0 243 

0 214 j 

0 230 


p 

Phar^'nx, lengtli 


0 180 

0162 

0162 

~ 3 1 X breadth 

o 

S 

Pharynx, breadth 

mh 

0 060 

0 052 

j 

0 054 

-- 1 9 X narrow est part 

<3 

Segment III 

0 120 

0 147 

0 147 


<IV+V 


Segment IV 

0 06G 

0 084 

0 078 



P 

<1 

Segment V 
i Segment VI 

0 089 

0 066 

0 084 

0 087 

0 080 

0 084 


2 

Formula — ypp — 

Segments XII-XVI 

0 250 

0 315 

0 306 




Total length 

1 1 030 

1 

1 200 

1 230 

1 

=4 2 X XII-XVI, 8 5X111 


Segment 1 


0 039 

0 040 

0 036 

[ 

Formula 1, 2, 4, 3, 5 

P 

Segment 2 

0 072 

0 084 

0 080 

0 081 

Relative lengths 3 1,65 13 5 , 10 0 

P 




1 


22 7 

< 

Segment 3 

0 150 

0 174 

0 159 


=2 x2nd 

tu 

Segment 4 

0 lOS 

0 130 

0 120 




Segment 5 

0 264 

0 276 

0 270 


New stead’s spinas about 40 


Total length 

0 627 

0 703 

0 660 

0 696 
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Tablc I — concld 




Lengths in mm of succimens 





number — 






Structures 





Re marks, relative lengths, etc 



1 

2 

3 

4 




Longtli 

1 C30 

1 030 

1 850 

1 710 

<=4 2x breidth 

^ =09—13 


Breadth 

0 3S5 

0 457 

0 430 

0 400 

04— 10 








Y 


a 

i 0135 

0 270 

0 285 

' 0 200 


- ==02 — 05 

o 


0 350 

0 330 

0 285 

0 114 

- =-0 5 - 0 9 

ig 



1 


Y 

a 

M 

y 

0 257 

0 330 

0 330 1 

0 285 


6 

- =20—29 


s 

0 030 j 

0 003 

' 0 143 

0 071 

- =03 — 06 


t 



1 


£ 

£ 


1 

0 270 

0 430 

0 485 

0 371 

n 4- fi 
/-06 

Wing 

0 --1 

! 

6 

0 785 

0 914 

0 030 

0 843 


O 

W 

Femur 

0 070 

0 814 1 

0 770 

0 757 




Tibia 

0 614 

1 000 1 

0 930 

0 967 



Q 

Tarsus, seg 1 

0 343 

0 514 

0 486 

0 430 




Tarsus, segs 2-1 

0 671 

0 714 

0 636 

0 643 



w 









Total length 

2 2 

30 

■ 

28 




The total length of insect about 2 3 — 3 0 mm Scars of few erect and many 
recumbent hairs seen on dorsal surfaces of abdominal segments II — ^VI 

Ihebuccal cavity (Plate XXXVIII, fig 3) has a large, well-developed pigmented 
area , an armature consisting of a single row of long contiguous teeth about 60 m 
number There is a marked triangular projection from each side of buccal cavity 
resembling those seen in P squamipleuns (Sinton, 1927) but without the marked 
serrations 

The pharynx (Plate XXXVIII, fig 8) not much dilated posteriorly, length 
about 3 times greatest breadth, which is about twice the width o.f narrow anterior 
portion Armature of several rows of fine, comparatively short, teeth 

The antennae (Plate XXXVIII, figs 5 and 6) with formula of 2 over 
III — ) geniculate spines of basal segments stout and comparatively 
short, those of distal segments longei Segment III about half combined 
lengths of segments XII~XVI, but less than that of IV— V Total length 
about 4 times combined length of segments XII— XVI and more than 8 times 
segment III 
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palps (Plate XXXVIII, fig 7) Lave foimiila of 1, 2, 4, 3, 5 , relative lengths 
of segments 3 I, 6 5, 13 5, 10 0, 22 7 Segments 1, 2 and base of 3 much stouter 
than rest of palp Newstead’s spines niimbei about 40 on basal thud of segment 3 

The wing (Plate XXXVIII, fig 4) lanceolate and distinctly pointed , about 
4 2 times as long as broad Consideiable variation in venation , one specimen Lad 
a negative S 

The speimalheca (Plate XXXVIII, fig 2) pijie-shajied, with body gradually 
meigmginto a wide sLoit diut, uniting with one of opposite side (Plate XXXVIII, 
fig 1) The morphology of the spermatheca lesembles that of P minutus Bond , 
but the oigan shows transverse striation Some lows of minute spmes in \ulvar 
region 

Biffoenlial diagnosis 

The shape of the spermatheca difterentiates P hodgsom from the members 
of the lecumbent-haired gioup The buccal cavity resembles m some degree that 
of P squamipleuns and P liospitii, but the phaiynx is distinctly difiereiit and the 
spermatheca maikedly so The morphology of the buccal cavity and the sper- 
matheca differentiates it fiom the other members of the erect-haiied group (iide 
Sinton, 1932) 

Phlebotomus hodgsom n sp ( cf ) 

The measurements and ratios of four specimens aie given in Table 11 

Table II 


Phlebotomus hodgsoni n sp ( d ) 


1 

1 

1 

j 

Lengths in luui of specimens 
number — i 


Structures i 

1 

1 

1 

1 

1 

4 

Remarks, lelative lengths, etc 


BODY 

Head and cljpeiis 
Thorax 

Abdomen, pioper 

Sup claspei, seg 1 

1 

1 0 400 

0 640 

1 430 

0 25S 

0 385 

0 64 j 

1 300 

0 270 


Total length 

2 73 j 

2 60 


Segment 1 

0 033 

0 036 

Pi 1 

Segment 2 

0 075 

0 081 


Segment 3 

'0 147 1 

0 100 


Segment 4 

0 120 

0 126 


Segment 5 

1 0 264 j 

0 258 


Total length 

0 642 j 

1 

0 660 1 

1 



0 

357 

0 

530 

1 

185 

0 

267 

2 

33 

0 

033 

0 

075 


147 


117 


270 

0 

6t2 



FoiniuKi 1, 2, 4, 3, S 
Relative lengths 3 0, 6 4, 12 6> 

to 0, 22 0 

— 2x2nd 
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Table ll—conchl 




Lcngtlis m mm 

of '.peciiucns 




number — 





Structures 





Remarks, relative lengths, etc 



1 

2 ' 
" 1 

1 

3 

4 



SeEfuieiit III 

m 

( 

1 

0 141 i 


0 141 

<n +1 


SCgmout I\ 



0 081 


1 

Segment V 

iBB 

0 090 1 

0 090 

0 087 

Formula — 


Segment VI 

0 085 





Segments \.ir-X\ 1 

0 291 

0 J24 


0315 



Totil length 

1 250 

1 270 

1 200 

1 240 

=4 1 X XII-XVI , 8 0-8 9 X III 


Length 

1 710 

1 685 

1 685 

1 485 

— 4 2 X breadtli 


Breadth 

0 410 

0 400 

0 400 

0 350 



a 

0 200 

0 200 

0 170 

0 150 

a ' iS 

- =0 50—0 65 -t; = 1 0— I 2 

/3 





^ y 


0 107 

0 301 

0 800 

0 300 



y 


0 248 

0 800 

0 257 

„ a 

— = 06 — 08 —= 02 — 03 







y “ 


t 

0 057 

0 071 

0 048 

0 080 



£ 

0 870 

0 364 

0 330 

0 257 

a e 

— =05—0 6 -=28 — 26 

£ £ 


e 

0 S57 

0 830 

0 800 

0 700 







“ ^ ^ —0 60 0 6“' — p 0 







u u 


VemuT 




0 600 



Tibia 

0 900 






Tarsus, seg 1 


0 493 




P 

Tarsus, segs 2-5 


0 628 











Total length 

27 

2 7 



(Not including coxa and 







trochanter ) 

< 

Sup olasper, seg 1 

0 258 

0 270 

0 270 

0 267 

—2 2 — 2 3xseg 2, 11 x infenor 


Sup clasper, seg 2 





clasper 

p 

0 114 

0 120 

0 117 

0 128 

< 

Intermediate append 

0 216 

0 216 

0 219 


=0 82 X superior clasper, seg 1 . 

H 

Intromittent oigan 

0 183 

0 186 

0 180 

0 180 

= 0 84x intermediate appendage 
= Length protruded 

M 

Genital filament 

0 150 

0 086 

0 060 



Infenor clasper 

0 243 

0 246 

0 255 

0 240 

p 

o 

Subgenital lamella 

0 201 

0 204 

0 216 


=0 82 X infenor clasper 




















878 Notes on Some Indian Species of the Genus Phlebotomus 


Ajyj^eanmces tn dnj specimens 

A dark grey, medium-sized sandfly, witli dark gieyisli-brown integumenl, 
except sides of thorax which are light gicy Thoracic and abdominal hairs brown 
A few erect hairs on doisal sm faces of abdominal segments IT — IV A\ings with 
dark grey bans and bluish-golden iiulescence The integument of legs almost 
black and covered with silvery scales The antenme and palps with dark grey 
hairs and lightei scales 

Appeaiances in stained and mounted specimens 

The measurements of the difierent parts of 4 males are given in Table II 

The total length of the insect about 2 3 — 2 7 mm In some specimens scars of 
erect hairs very scanty oi absent from doisal surface of abdominal segments 

The buccal cavity (Plate XXXIX, fig 12) has a distinct oval pigmented area 
The armature with about 50 small teeth 

The pliaiyivx (Plate XXXIX, fig 14) resembles that of female, but teeth more 
poorly developed 

The antennae (Plate XXXIX, figs 10 and 11) with formula 1 over III — ^XV , 
gemculate spines smaller than in female Belative lengths very similar to those 
of female 

The palps (Plate XXXIX, fig 9) with formula 1, 2, 4, 3, 5 and average relative 
lengths 3 0, 6 4, 12 6, 10 0, 22 0 Newstead’s spines about 8 — 10 Basal segments 
not so stout as in female 

The male hypopygium (Plate XXXIX, fig 15) of nnnutus type Distal segment 
of superior clasper with 4 curved apical or sub-apical spines, each almost as long 
as segment , non-deciduous spine arises about middle of segment Intermediate 
appendage (Plate XXXIX, fig 15) has a distmct ventral rudimentary lobe with 
about 8 short stout spines Intromittent organ tapers slightly to a blunt end , 
genital filament usually protruded Pompetta lies in abdominal segment 6 or 7 

Diffeiential diagnosis 

The distinct, spinose, rudimentary lobe on the intermediate appendage, the 
morphology of the buccal cavity and the position of the non-deciduous hau, com- 
bined with its erect-haired character, differentiates this species clearly from all 
others havmg the minutus type of genitaha 
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A NEW AERICAN ^mmiuY-~PHLEB0T0MU8 
TRANSVAALENSIS N SP 

BY 
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(From the Malaria Suivey of India, Kasauli ) 

[Received for publication, September 30, 1932 ] 

The female Phlebotomns described in this paper was received in a collection 
kindly sent by Mr B de Meillon fiom the Transvaal The specimen was labelled 
‘ Tzaneen, Transvaal, S A December, 1931 B de Meillon ’ 

Appearance m dry specimen 

A very dark-coloured insect with distinct tufts of erect hairs on the dorsal 
surfaces of the abdominal segments These erect hairs are golden yellow, while the 
other bans of the body aie slightly browner The integument of all the body and 
legs IS practically black and the pleurae are little, if at all, lighter in colour The 
wings have dark brown, almost black, hairs and show a greenish iridescence The 
antennae are black with dark grey hairs There seem to be a few broad scales 
along the posterior border of the hind coxa The very long superioi elaspers (cerci) 
are a marked character 

Appearances %n stained and mounted specimens 

The measurements and relative lengths of the different parts of the body are 
given in the Table 

The body-length is about 3 75 mm The scars of the erect hairs on the dorsal 
surfaces of the abdommal segments are very evident but there are also many scars 
of recumbent hairs in the same areas 

The buccal cavity (Plate XL, fig 6) has a well-developed pigmented area and the 
armature consists of about 50 long, narrow, contniguous teeth, set in a Ime with 
the concavity slightly backwards The phaiynx (Plate XL, fig 7) does not show a 
very marked posterior dilatation The armature consists of a number of small 
teeth near the middle line and rows of veiy nunute teeth laterally 

( 879 ) 
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Tlie antennae (Plate XL, figs S-.l) The incasmements and lelative lengths 
aie sho^Mi m the Table The geniculate spines aie faleiidci The knob on the end 
of segment XVI is smallei than usual 

The^ofjw (Plate XL, fig 2) Segment 3 is sbglitl} shoitei than 4, which is not 
usual in this sub-genus Xewstead’s spines numbei about 15 
The ^vlny (Plate XL, fig ]) is unfoitunately incomplete 
The Jeinale Iii/popi/giian (Plate XL, figs S-10) The superior claspers (cerci) 
aie veiy long and naiiow, ,i featuic not obsened in an} of the othoi Old Vorld 
Phlebotomus {cf P jinjon/asii, Plate XL, figs 11-12) The stciiute of the 8th abdo- 
minal segment has a numbei of veiy stout, long bustles aiising from its posterior 
border, a feature not noted in any other species The post-genital plate is a very 
elongated triangle, not the usual lectanglc seen m other species The speimatheca 
(Plate XL, fig 10) is sausage-shaped and segmented 

Dijpeiential diagnosis 

This species has both eiect and iccumbent bans on the dorsum of the abdomen 
The morphology of the cerii at once difteientiates the female of this species from 
any of the othei ones desciibed The shape of the post-genital plate, the stout 
spines on the 8th abdominal steinite and the moiphology of the spcimathecae, 
buccal cavity and phaiynx aie of diagnostic impoitance 

The male of this species has not yet been found It is pioposed that the 
species, which belongs to the sub-genus Stntonius Nit/ , be named Phlebotomus 
t) ansvaalensis 


Table 

Phlebotomus transvaalensis N SP ( 2 ) 



Structures 

Length 
m mm 

RennrKs, relative lengths, etc 


Head and clypeus 

0 457 


>1 

p 

Thorax 

0 900 


o 

w 

Abdomen, proper 

1 957 



Superior elasper 

0 443 



Total length 

3 75 


rM 

Labium 

1 

0 285 1 


H 

P 

Pharynx, length 

0 207 

= 2 75 X breadth 

C 

a 

Pharynx, breadth 

0 075 i 

=- 2 5 X narrow anterior part 






PLATh XL 



PJikbotomm Iramvaaknaia n sp (^) (figs 1-10) (1) Wing (2) Palp (3) Antenna, segment III 

(4) Antenna, segment IV (6) Antenna, segments XIV-XVI (6) Bueeal cavity (7) Pharynx (8) Hypo 
pygium, ventral view with 8th abdominal atermte removed (9) Hypopygium, lateral view (10) Spcnnatheca 

PhUbotomus papatasii {^) (figs 11-12) (11) Hypopygium, ventral view with 8th abdominal atermte 

removed (12) Hypopygium, lateral view 

Lettering — p post genital plate c cerci , s 8th abdominal sternite 
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Structures 

Length 
m mm 

Remarks, relative lengths, etc 


begniout III ! 

0 315 

> TV+\ 






Segment IV 1 

0 131 


^ 1 

1 


> 


Segment V 

0 126 

li ormuln = 


Segment Vi;, 

0 129 


<j i 

Segments XII-XVI 

0 1S3 

= 1 63-^ in 





1 

Total length 

1 930 

= 6 1 XlII , 4 0 X XII— XVI 

1 





Segment 1 

0 0-lS 

Formula 1, 2, 3, 4, 5 

Pi 

1 Segment 2 

1 0 114 

Relative lengths 3 0, 7 1, 9 4, 10 0, 22 4 


Segment 3 | 

0 150 

i 


Ph > 

1 

I 1 

tSegmenfc 4 1 

0 100 

= lstH-2nd 


1 Segment 5 I 

0 33G 1 

i 



1 

j Total length 

1 

0 808 ! 



Length j 

2 570 

= 4 X breadth 


Breadth 

0 343 


o 



P 

is; 



— =-103 

M 



r 


P 

0 470 



y 

0 457 


a 

Femur 

1 030 

0 S70* 

H 




J 

Tibia 

1 230 

I 014 

« 

Tarsus, seg 1 


0 457 





W 

Tarsus, segs 2-5 


0 643 


Total length 


3 000 (Not including coxa and trochanter ) 


* Middle leg 


J, 3IK 


14 
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AND ITS SIGNIFICANCE IN JAUNDICE 

BY 
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{From the DepaUmenl of Suigeiy, Lucknow University) 

[Received for publication, Sejitember i), 1932 ] 

The cholesterol content of blood m a large number of different diseases 
has been found to have some significance from the setiological, diagnostic, 
prognostic, and from the treatment points of view Of the pathological factois, 
cholelithiasis, diabetes, chronic nephritis, insamtv, arterio-sclerosis, and of the 
phi Biological factors, pregnancy and the pre-menstrual phase of the menstrual 
cycle, have frequently been found to cause an increase in the blood cholesterol In 
leprosy, tuberculosis, anasmias and in acute infections the cholesterol content of 
the blood is usually low 

The role of cholesterol metabolism in malignant diseases, pernicious anaemia, 
and m various forms of jaundice has also been considered by many workers 
Within the last twenty years many valuable contributions to the literature on 
this biochemical constituent of the blood have been made but the part it plays 
in the economy of the body still remains a subject for further investigation This 
paper deals essentially with the blood cholesterol in normal Indians, residing in the 
United Provinces, and also in the diseases of the liver and biliary tract accompanied 
by icteroid coloration of the conjunctivae 

The actual cholesterol estimations were performed on osalated blood The 
alcohol-ether extraction method of Bloor (1916) was employed which yields rather 
higher values than the widely used technique of Mhardell-Myers The standard 
solution was made of pure cholesterol dissolved in chloroform and the colour was 
produced by the treatment of acetic anhydride and sulphuric acid , after producing 
Leibeimann-Burchard reaction the colour was matched with that of the unknown 
similarly treated in a Dubosq colorimeter 

( 883 ) 
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The Choleslcwl Content of Blood Indians 


1 NoKMAL CHOLLSTlSJlOJv CO^JTKNT 

Befolo any right conclusions could be diawn fiom the investigations on the 
blood cholesterol in jaundice, it was found necessary to obtain the normal values 
of the blood cholesterol in the inhabitants of this part of the country 

The investigations on the cholesteiol content of the whole blood veie done on 
80 males and on 24 females who have had no pregnancy (Ghoso, 1931) The average 
value of the blood cholesteiol was found to be 14b mg per cent , the maxinnun value 
was 184 and the mimnium was 130 The aveiagc of the plasma cholesterol was 
140 mg per 100 c c calculated from the results obtained in 36 cases , the blood 
serum cholesterol in 42 cases gave 135 mg pci cent as the average value— the 
lowest value being 110 mg and the maximum value was ISO mg per 100 c c Tlie 
results obtained, indeed showed a wide lange of normal values Such a wide range 
in noimal values between 190 and 260 mg per 100 c c w'as also obtained by Bloor 
(1916) Henes (1913) found figiacs langing between 110 and 182, and Goibam 
and Myers (1917) and Eobinson (1929), who followed Leibermann reaction, 
obtained similai results Both Leibermann and Salkowaski’s reactions in various 
methods of cholesteiol estimations, yield a wide range of normal values AVeston 
and Kent (1912), who used Salkowasla reaction, found the values between 117 
and 297 mg per cent, which is leally a very wude lange 

It is clear that the normal blood cholesteiol values obtained by me by 
Bloor’s method in Indians are rather lower than those obtained by Bloor m 
AVestern people Boyd and Eoy (1928) also estimated the blood cholesterol in 
Indians in the vicinity of Calcutta and obtained an average value of 112 mg per 
100 c c by AA^ardell-Myers’ method, which is lower than that obtained m 
Europeans by this method Thus, we find that the normal values of the blood 
cholesterol in Indians yielded by the standard methods is about 40 mg per cent 
less as compared to the occidental standard 

Estimations on blood cholesterol were made on 182 subjects, out of whom 
there were 60 strict vegetarians and 122 who took a mixed diet AATien the blood 
cholesterol values of individuals were compared, it was found that the blood 
cholesterol in pure vegetarians was slightly less by about 10 to 15 mg per cent 
than among those who took a mixed diet, but it was neither a constant feature 
nor did the cholesterol values cross the normal hmits 

The blood cholesterol was found to be fairly constant for any mdividual , 
it was estimated at difierent times in the day and for two to three days 
consecutively, but no appreciable changes were found 

The immediate effects of lipoid diet, after fasting, on the blood cholesterol 
level was estimated in 12 healthy men after giving four eggs and half a seei 
of milk (Ghose, 1931) The blood cholesterol curve, obtained from a number of 
hourly mvestigations after the fattv diet, shows that there is a rise of the 
bipod cholesterol level reaching to its maximum level of about 180 mg m 
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two-and-a-lialf hours tune This use m the blood cholesteiol level is temporary in 
nature and usually comes down to normal in five to six hours after the food is 
taken The effect of diet on the cholesteiol content of the blood has been shown 
by Bloor (1932), Gardner and Lander (1913), Fraser and Gardner (1910), and 
Gardner and Gainsborough (1928) and others Kobinson (1929) has obtained 
similar results m cats, and mentions that Rothschild and Luden’s figures prove 
the constant chaiacter of the cholesterol content of the blood in the experimented 
animals 

The blood cholesterol was estimated during autumn, winter, spring and 
summer , the values of the cholesterol content of the blood of the same subject 
duiing each season was practically the same and no changes in the cholesterol 
content of the blood was noticed even during the hottest months (May, J une, and 
July) Morse (1927) remarks that the low cholesterol content in Orientals is 
probably due to the effect of hot climate — a large amount of cholesterol being ex- 
creted by the secretions of the sebaceous glands, which rmght be responsible, with 
or mthout being associated with other factors, for the mamtenance of the 
cholesterol content of the blood A seasonal variation in the blood cholesterol 
has, however, been mentioned by Currie (1924), the average values being much 
higher in the summer than in the wintei, but Maxwell (1928) investigated this 
pomt and did not find any truth in it 

The specimens of blood foi the estimation of the cholesterol content weie 
usually taken between 9 and 12 am, when the subjects have had hght diet in the 
mormng In this way any eiror in the blood cholesterol a alues due to the supposed 
effect of starvation was eliminated, because Rothschild (1915) has mentioned the 
association of starvation with the raised blood cholesterol values 

2 Variations in jaundice 

On referring to the literature one finds that observations have been made by 
many workers on the cholesterol content of the blood in various forms of jaundice 
Previous workers usually dealt with the total cholesterol in the blood plasma but 
Gardner and Gamsborough (1930) have thrown a new hght on the subject, showmg 
the relationship of free cholesterol to its ester form in the blood plasma m the eases 
of hepatic and bihary diseases associated with jaundice 

Observations on the blood cholesterol in heemolytic jaundice have been made 
by McAdam and Shiskin, Muller and others, which show varying results In the 
present group of cases there was no case of hsemolytic jaundice, but all the cases 
of icterus in the group weie either of catairhal or of obstructive nature due 
to various causes 

The cholesterol content of the blood was estimated in the cases of jauncbcc 
together with the determmation of the icterus index of the serum, m order to 
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asceitam the lelcationslup between cholestioemia and bilmibmsemia, if there 
be any 

The uoimal values of the icterus index in Indians obtained by Ghose (1931) 
are between 3 and 6 and it was shown by him that when the icterus index rises 
above 10 there are usually signs of clinical jaundice Judd (1925), Milroy (1929) 
and Muller ei al (1925) also give similar normal \alues and report that, with an 
icterus index of about 15, signs of clinical jaundice occur 


Table I 

Icte)us index and the blood choleslool in jaundice 


Number of 
cases 

Diseases 

Jaundice 

Icterus indci. 

Blood plasma 
' cholesterol 
mg iier cent 

5 

Endemic ascitis 

+ 

9 to 10 

90 to 130 

4 

Cirrhosis of liver 

d- 

j 9 to 20 

90 to 145 

10 

Catarrhal jaundice 

+ + 

10 to 25 

130 to 160 

4 

Cholecystitis 

4- 

10 to 24 

100 to 280 

5 

Cholehthiasis 

-f + 

10 to 40 

220 to 330 

6 

Cancer of hver 

+ + 

9 to 45 

SO to 130 

2 

Gumma of liver 

+ + 

30 and 65 

100 and 130 

2 

Cancer of hver, gall bladder 
with gall stones 

+ + d- 

i 

40 and 50 

336 and 260 

3 

Cancer of liver, pancreas and 
stomach 

+ + + 

SO to 120 

SO to 130 


Results 

There were 41 cases of jaundice in which the conjunctivse were coloured yellow 
of various intensities m difierent conditions Five cases of endemic ascitis and 
four cases of cirrhosis of liver showed slight icteioid coloration of the conjunctivffi , 
the icterus index was raised but the blood cholesterol was normal in 4 cases and 
low in 5 cases There were 10 cases of catarrhal jaundice in which the conjunctive 
showed marked icteroid coloration , the icterus index was high and the blood 
cholesterol was within normal limits in all these cases 

Of 4 cases of chronic cholecystitis and 5 cases of cholelithiasis which showed 
a slight tinge of icterus, the icterus index was high and there was an increase m 
the cholesterol content of the blood in all the cases except one in which the hvei 
was extremely cirrhotic There were 2 cases of gall-stones complicated by fhe 
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carcinomatous changes in the liver and gall-bladder in which there was deep 
jaundice, even the skin showing shght icteioid coloration The icterus index was 
abnormally high and the blood cholesterol was mcreased 

There were 2 cases of gummatous condition of the liver and 6 of carcinoma of 
the liver with deep jaundice In these cases the blood cholesterol was rather low 
and the icterus index high Three cases of cancer of liver, pancreas and stomach, 
with very deep jaundice mthout gall-stones, gave a very high value of icterus 
index and a low value of blood cholesterol Cbnically, the jaundice at the 
beginmng was of lemon colour, which gradually changed into reddish yellow and 
finally into dirty brown mixed with slight greenish tinge The cases had rapid 
fatal endings 

Thus, the blood cholesterol in cataiihal jaundice is normal, while in obstruc- 
tive jaundice due to gall-stones it is decidedly high This agrees with the results 
obtained by Eothschild and Eosenthal (1916), Campbell (1925), and Eobinson 
(1929) who found highest values in jaundice with gall-stones Gardner and 
Gainsborough (1930) report that hyper-cholestrsemia does occur in the biliary 
obstruction caused by stones and accompamed with jaundice, but the percentage of 
the total cholesterol, as ester, remains below normal In the cases of cancer of the 
liver, pancreas and gall-bladder, without gall-stones with deep jaundice, in which 
the blood cholesterol was not found to be mcreased, the results obtained essentially 
differ from those obtained by Eothschild, Eosenthal and Eobinson and others who 
found high blood cholesterol m this condition 

SUMMAEY 

1 An investigation on the cholesterol content of the blood was made in 
healthy Indians The normal blood cholesterol average value is 146 mg per cent 
of the whole blood and 140 mg pei cent of the blood plasma yielded by Bloor’s 
method, which is about 40 mg per cent less than the European and American 
standards A wide range of normal values have also been found in Indians 

2 In vegetarians and mixed dietarians the cholesterol content of the blood 
IS practically the same A rich fatty diet after fasting gives rise to temporary 
increase in the blood cholesterol 

3 The seasonal variations seem to have little effect on the cholesterol content 
of the blood 

4 The changes in the cholesterol content of the blood plasma which occur 
in biliary and hepatic diseases show — 

{a) that a low blood cholesterol with slight jaundice is indicative of either 
cirrhotic or carcmomatous changes m the hver 
(6) that a frankly low plasma cholesterol with very high icterus index is 
indicative of mabgnant growth of the pancreas, gall-bladder and of 
the adjoimng organs, causing obstruction in the flow of bile 
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(c) that a high blood cholesterol with jaimdice is indicative of gall-stones 
causing obstz notion , it may or may not be associated with a cancerous 
condition of the gall-bladdei and the pancreas 
In conclusion I ofiei my thanks to Professoi R N Bhatia foi his keen 
interest in the work The work was carried on during the tenme of a research 
fellowship 
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The numlier of operations perfoimed on the gemto-urinary system are by no 
means few In spite of the clinical features of a case of urinary trouble for opera- 
tion being good, in spite of a fair margin of safety assured by the blood urea esti- 
mation and urea concentration tests, a few cases die and in a few reco'v ery is 
prolonged due to bacterial infections of the urinary tract The capacity of elimi- 
nation of the urine remaimng efficient, there must be some other factor which 
may be responsible for lowermg the resistance of the body to the bacterial 
infections 

McAdam and Shiskin (1926) were the first to point out that a low blood choles- 
terol IS directly related to the urinary infections after operations and to a high rate 
of mortality due to sepsis Maxwell (1928), however, do not seem to have found 
any such prognostic significance of the blood cholesterol and blood uiea latio in 
the surgery of the gemto-urmary system 

With a view to finding out if the estimation of the blood cholesterol, as a 
routine method, be of some value in the selection of cases for operations on the 
gemto-urinary system, an investigation was made on the cholesterol content of the 
blood plasma m cases necessitatmg — {i) nephrectomy for inflammations, multiple 
stones and tumours of the kidney, [ii) prostatectomy for the enlarged prostate, 
{ill) lithotomy f 01 the calculous diseases of the gemto-urinary tract, (iv) cystostomy 
for the removal of growths from the bladder, and (v) urethrotomy for the stricture 
of the urethra 

MErHODS 

The blood cholesterol was estimated by Bloor’s method (1916) The blood 
plasma cholesterol was determined in order to compare the results with those of the 

( 889 ) 
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previous workeis on the subject The estimation of the blood urea was done by 
the method of Myers as described by Moise (1927), which is based on the principle 
of removing from the urea the ammonia formed by the action of the enzyme of 
soya bean or urease tablets, as in the method of Foliii 

Eesults 

The normal value of the blood plasma cholesterol has been found to range 
between 110 mg and 180 mg per cent jSuch a wide range m the normal values 
has been obtained by many workeis Maxwell (1928) therefore emphasized the 
fact that low blood cholesterol, i e , below 130 mg per cent, which is usually 
considered to be low, may be within the normal limits Owmg to these elastic 
limitations in the normal blood cholesterol values, Gardner (1927) suggested that 
the blood cholesterol dm mg disease should be compared to the normal blood 
cholesterol of that subject prior to the disease This idea, though excellent, is 
not piacticable when the subject is first seen m the hospital as a patient McAdam 
and Shiskin (1923) considered 130 mg per cent of the blood cholesteiol as the lowest 
limit of the normal value 

1 Table I shows the lesults of the blood cholesteiol estimations obtained 
in the cases in which nephrectomy was performed , out of 5 nephrectomies there 
was one death — the blood cholesterol in this case was normal In two cases the 
blood cholesterol was low, but the patients recovered after operation without any 
septic complications 


Table I 

Blood cholesteiol in lenal diseases in lohich neph ectomy ivas performed 


Case 

number 

Blood 
cholesterol 
mg per cent 

Blood uiea 
mg per cent 

Disease 

Remakes 

19 

HO 

50 

Eenal tumour 

Recovered 

22 

120 

46 

Hydro nephrosis 

Do 

28 

1 

145 

56 { 

Do 

Do 

55 

150 

90 

Do 

Died of sepsis 

63 

120 

j 

60 

Pyelo nephritis 

Recovered 
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2 Table II The blood cholesteiol was estimated in 17 cases of enlarged 
prostate in which 13 cases were operated upon One case (No 9) died and in two 
cases recovery was prolonged due to septic complications — the blood cholesterol 
was not below normal in auy of these three cases There weie 7 cases of enlarged 
prostate in which the blood cholesteiol was below 130 mg per cent, and 5 out of 
these cases were operated upon, but there was no death 


Table II 

Blood cholesteiol in enlaiged piostate 


Case 

number 

Blood 
cholesterol 
mg per cent 

Blood urea 
mg per cent 

Operation 

Eejiabks 

S 

150 

45 

P 

Recovered 

9 

' 140 

1 

90 

P 

1 Died 

1 

U 

130 

40 

P 

1 

Recovered 

25 

135 

1 56 

P 

Do 


165 

1 

64 

C and P 

Do 

47 

120 

35 

C and P 

Do 

61 

90 

30 

c 


52 

120 

35 

C 


53 

90 

60 

C and P 

Do 

54 

130 

25 

C 


57 

90 

42 

0 


5S 

120 

20 

C and P 

Do, 

59 

125 

32 

C and P 

Do 

60 

145 

36 

C 


61 

130 

21 

0 and P 

Do 

62 

180 

28 

C and P 

Do 

63 

120 

lb 

P 1 

Do 


C =Cyatostoiny P = Prostatectomy 


3 In Table III the blood cholesterol figures are shown in the ‘ calculous 
diseases ’ of the gemto-urmary system Out of 34 bthotomies, there were 5 deaths 
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due to septic complications, iii which 2 cases had low blood cholesteiol There 
weie 6 other cases in which the blood cholesterol was belov/ 130 mg per cent, 
but the cases made a lapid lecovei} aftei the opeiations 


Tabll III 


Blood cholestetol in the calculous diseases of the genito-unnary system 


Case 

uumber 

Blood 
cholesterol 
mg per cent 

Blood urea 
jiig pel cent 

Opel ation 

Eemabks 

1 

140 

45 

Cystostomy 

Keco\ered 

2 

160 

50 

Do 

Do 

3 

IJO 

35 

Uretero lithotomy 

Do 

4 

> 120 

30 

Do 

Do 

5 

1 124 1 

20 

Pjelo lithotomy i 

Do 

6 

130 ; 

40 

Do 

Do 

7 

170 1 

47 

Do 1 

Do 

10 

160 

30 

Cystostomy 

Do 

11 , 

130 

42 

Pyelo lithotomy | 

Do 

12 i 

160 

2S ; 

Do 

Do 

13 1 

120 

23 

Cystostomj 

' Do 

16 

125 

204 1 

Do 

Died of sepsis 

17 

190 

65 

Pyelo lithotonn 

Recovered 

IS 

170 

25 

Do i 

Do 

20 1 

130 

' 20 

Cystostomy 

Do 

21 i 

14") 

45 

Urethro litiiotom-j 

Do 

23 

120 

60 

Pyelo lithotomy 

Do 

24 

120 

05 

i Do 

Died of sepsis 

27 

14) 

60 

Cystostomy 

Died of cystitis 

29 

150 

34 

Do 

Recovered 

30 

160 

‘>4 

Do 

Do 

31 

130 

52 

Pj elo hthotom\ 

Do 

4S 

150 

41 

I^ephrostomy 

Do 

32 

130 

48 

1 Do 

Do 

SO 

' ISO 

24 

Uretero lithotomv 

Do 

33 

145 

42 

Excision of bladder 

Do 

S6 

90 

40 

Pyelo lithotomy 

Do 

34 

160 

65 

Cystostomy 

Died of cystitis 

35 

no 

21 

Do 

Recovered 

37 

100 

50 

Do 

Do 

43 

140 

35 

1 Uretero lithotomy 

Do 

44 

145 

28 

Do 

Do 

46 

160 

45 

Pyelo lithotomj 

Do 

40 

165 

56 

Nephrostomy 

Died of sepsis 


4 Table IV There were 8 cases of leteiition of urine due to the stricture 
of the urethra, in which external urethiotomy was performed in 7 cases There 
was one de^tir\(No 15), in which the blood cholesterol was normal, and 3 
other cases, m which the blood cholesteiol was low, recovered without any 
complication ^ 
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T\ull JV 

Blood cholcstool in the ca^et, with the Alnclun of the tiietha ^n whch 



extei nal 

uiethwlomy 

was peifotmed 


Case 

number 

1 

, Blood 

cholesterol j 
mg i)cr cent 

Blood urea 
mg per cent 

Operation 

ReUARK!) 

11 

140 

t SO 

Urothrotomi 

Died 

2(> 

110 

10 

Bo 

' Recovered 

10 

' 120 

16 

{ Do 

Do 

as 

160 

1 44 

Do 

Do 

10 

00 

10 

Do 

Do 

to 

100 

10 

Do 

Do 

41 

140 

60 

Do 

Do 

42 

131 

40 

1 

Unfit for operation 

1 


The results obtained in Tables I, II, III and IV show no evidence of a prog- 
nostic significance of a low blood cholesterol m the surgical diseases of the 
gemto-urinary system in which there is no other contra-indications for an 
operation 

Discussion 

McAdam and Shiskin (1925) reported on 88 cases of enlarged prostate and 
found low blood cholesterol in 18 cases, 16 of which died of pyelo-nephritis and only 
2 recovered Of the remaimng 70 cases which yielded blood cholesterol values 
above 130 mg per cent, only 11 died and one as a result of ascending urinary 
infection They also noted that in cases with low blood cholesterol theie were no 
clinical contra-indications for operation Maxwell (1928) reported on 19 cases of 
enlarged prostate and out of them 5 cases gave blood cholesterol values below 130 
mg per cent Of these cases, 3 recovered and 2 died of pyelo-nephiitis The 
remaining 12 cases of Maxwell bad normal blood cholesterol , 5 cases were not 
operated upon owing to the presence of bad operative risks, and the remaining 7 
cases were operated upon and of these 2 died and 6 recovered 

In the malignant diseases of the prostate McAdam and Shiskin do not consider 
the plasma cholesterol of any significance, because in malignant diseases the blood 
eholesterol is frequently found to be increased as mentioned by Luden (1918) 
Bninton (1927) on the other hand obtained very variable results in such cases, so 
also did Maxwell (1928) In 3 cases of carcinoma of the bladder Maxwell found 
low blood cholesterol Supra-pubie eystostomy was performed on these patients 
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with the lesult that one died of peritonitis, one of UKBinia and the third improved 
There was one case of papilloma of the bladdei with normal blood cholesterol which 
died after operation 

Maxwell also repoited of 3 cases of retention of urine due to the stricfeiue of 
the urethra , two cases had a low plasma cholesterol which recovered after obstruc- 
tion was removed, while one case with normal blood cholesterol died due to 
pyelitis and uraemia 

Summary and conclusions 

1 The cholesteiol content of the blood was estimated in 62 cases sufiering 
fiom the surgical diseases of the gemto-urinaiy system The results obtained in 
the course of the present investigations do not point to any significant utility of 
the blood cholesterol determination, as a routine method, which would forecast 
the prognosis in a case of uiinaiy disease 

2 A low blood cholesterol has no piognostic significance in operated cases of 
urinary obstruction, and there is no justification to refuse an opeiation on a sufferer 
from urinary obstruction, merely because on one occasion previous to the proposed 
operation a low blood cholesterol had been lepoited 

3 Blood urea below 50 mg per cent assuies a fan margin of safety, and no 
direct or indirect relation of the blood uiea to the cholesterol content of the blood 
has been found 

In conclusion I take this opportunity of thanking Professor K N Bhatia for 
his keen interest in the work and to Dr A Hameed for help in the preparation of 
the paper 
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Thf importance of H ion concentration m the tissues is now being recognized 
in all branches of physiology and pathology The difficulties attending the use of 
the hydrogen-electrode and its limitations, as well as those of colorimetric methods 
of pH determination have, however, been a great hindrance to progress in this 
branch of research With the introduction of the glass-electrode (Brown, 1924) 
these difficulties have, to some estent, been overcome It is now possible, after 
familiarity with the use of tlus electrode has been acquired, to take pH readings 
of minute quantities of any tissue or body fluid within a couple of mmutes and 
with an accuracy and reliability unobtainable by older methods 

Principle of the glass-electrode 

The prmciple of the glass-electrode is that when a glass-membrane of about 
26/1 thickness separates two liquids differing in their pH values, an electrical poten- 
tial IS developed whose value is a function of the difference of the pH values If 
we keep a constant pH, such as is given by any buffer solution, on one side of the 
membrane then the pH of any unknown on the other side can be determined by 
means of a potentiometer which indicates the potential developed A difficulty, 
however, lies in the fact that on account of the high resistance of the glass- 
membrane — of the order of 100 megohms — the current generated by the potential 
IS so sbght that it cannot be detected by even the most delicate galvanometers 
This IS overcome by the use of electrometers which require very careful insulation 
and shieldmg from electrical disturbances in the atmosphere In the typical 
Lmdemann electrometer a needle is kept stationary between two metal plates each 
having a charge, opposite m sign, of about 12 to 20 volts "When the potential 
developed on either side of the membrane is led to the needle a deflection of the 
needle occurs The needle can then be brought back to the original position by 
sending in a potential m the opposite duection from a standardized potentiometer 
For these manoeuvres a couple of non-polanzable calomel-electrodes, which lead off 
the current from either side of the glass-membrane, are employed , the potential 

( 896 ) 
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necesbtiiy foi the lobtoiation of the electiometci-iieecllo to its original position is 
indicated on the dial of the potentiometer and represents the value of the electrical 
potential developed in consequence of the difference of the p'H values on either side 
of the glass-membrane 

The equipment 

The equipment, as used in this Laboratoiy, is that supplied by the 
Cambridge Scientific Instrimient Company , slight modifications have been 
intioduced which add to its convenience 



H T High tension batterv E Earthing teiminal 

S and S' Poteatiometnc system to regul ite C E Calomel electrodes 

voltage on plates A Cup of glass electrode 

P E Switch for earthing plates B Bulb of glass electrode 

N E Swteh for earthing needle C Body of glass electrode 

P and P' Plates of electrometer D Open end of glass electrode 

N Needle of electrometer S P Standard potentiometer 

The Ltndemann electi omete) (Lindemann et al , 1924) is a lobust unit mounted 
on a conveniently-sized base , the needle being focussed undei a microscope 
havmg a low power objective and a high power eyepiece, the latter fitted ivith a 
micrometer scale The plates of the electrometer (P Pig 1) are charged from 
a batteiy of cells (H T, Pig l) Either an accumulator battery or a high 
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tensiou-i'KUo-b<ittei\ of diy cells mav be UbOfl foi tins pmpose , the latter is the 
more convemc'nt The needle (N Ei;' 1) of most electiometers is stead\ only up 
to some particul ir volta-fe on the plates Vii} bijibei voltage makes the needle 
unsteadv Also the sensitivity of the electiometor increases with the voltage on 
(he plates , so tint it is necessaiv to ha\e the voltage as high as possible and yet 
keep the needle stead} This is achieved by graduall} increasing the charge on 
the plates until the needle ]ust begins to tiemble when in the earthed position, and 
then graduall} decieasing the potential be means of an opposed potentiometer 
system (S fig 1) ns shown in tlie ciicuit diagiam In the circuit shown a 12- 

volt charae, from H T on each plate, is opposed bv a 4-volt one from S and 
so that the charge can be varied down to 8 \olts at will Tw'o switches aie 
also show'u P E, which enables the plates to be earthed and N E, which 
enables the needle to be caitlicd In fig 1 the location of the connections of the 
batteries and of the earthing switches, as well as that of the dials, in the unit 
supplied by the makers, are indicated 

Before setting up the clectiometer foi work it is necessary to note whether any 
mechanical vibration from the floor of the laboratoiv efiects the needle of the 
electrometer The equipment can safely be placed on a laboratory table prov ided 
the floor be steady , but even then persons walking near to it may cause unsteadiness 
of the delicate needle To overcome this trouble it is best to place the electrometer 
on a wall-braeket of marble or slate, fitted mto the wall by means of rigid struts 
Even then care has to be taken not to lean on the bracket while taking a reading, 
otherwise mechanical vibrations fiom the body may cause the needle to tremble 
When the needle is earthed its position under the micro=cope marks the zero point 
when it is unearthed the potential from either side of the glass-membrane is led on 

The non-'polanzable calomel-elccU odes (C E, Fig 1) that lead off the current 
from either side of the membrane are of the usual saturated-potassium-chloride 
type The manufacturers supply these with ground-glass tips , these are clumsy 
and apt to drop oft at inconvenient moments and to break the thin glass-membrane 
A very convenient device is to attach finely drawn-out glass nozzles (seen at 
A and D Fig 1) filled v ith saturated-potassiuni-ch'oride-agar, to the tips of the 
calomel-electrodes These nozzles are of the «ize and shape indicated below 
(Fig 2) - 



< 1 inch — > 

Fig 2 


The method of filling them, with the saturated-potassiiim-cMoride-agar, is as 
follows They are first cleaned in chromic acid solution and then washed in 
J, Mg 25 
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seveial changes of distilled watei They are then dropped veitically- narrow end 
upwards— into a hot, 2 per cent solution of agai in saturated-potassium-chloride 
solution In this way the agai completely fills the nozzles without the inclusion 
of aii-bubbles The agai solution is then allowed to set and when nozzles are 
needed they are cut out of the jelly and attached with iiibber-tiibing to the calomel- 
electrode To prevent the agar drying, when the nozzles aie not in use, their tips 
are lowered into conveniently placed vessels containing a saturated solution of 
potassium chloiide "'.Yith care a pan of such nozzles should last a couple of 
months of regular use 

The potentiometer set (S P, Pig ]) can be of any make that is sensitive to one 
milhvolt A dry cell can be used but it must be standaidized every day with a 
standard Weston cell 

The glass-electrode used m this Laboratoiy is a modification of Mrs Kerridge’s 
pattern (1925) and is shaped as shown in Fig 1 These electrodes should 
never be purchased ready-made but should be made by the individual worker 
for himself in sizes convenient for difieient kinds of work They are made 
of special Corning glass-tubing. No 015 It is advisable to keep a stock of this 
glass- tubing, of various diameteis, in hand so as to acquire skill in blowmg the elec- 
trodes for oneself , for the thin glass-membrane is likely to break even under slight 
strain and frequent renewals aie needed The simplest way of making them is to 
take a piece of the glass-tubing about 5 or 6 inches long and of the required diameter 
(usually from 5 to 12 mm ), seal one end in the flame and blow a bulb (B, Pig 1) 
of the requued dimensions at the sealed end , then carefully heat, with a pomted 
flame the side of the bulb and sharply suck in the heated portion to form a spherical 
cup (A, Fig 1) , finally the open end (D, Fig 1) is bent up half to one inch as shown 
in the figure The proper thickness of the film foimiug the cup is a matter of 
great importance , for when it is more than 26/( thick the potential per unit pH is 
far short of the theoretical 57 7 mv at l^C Before use the electrode is cleaned 
with strong alkab, followed by chromic acid and repeated wmshings in several 
changes of distilled water Finally, it is soaked in distilled W'ater foi at least 24 
hours The glass-electrodes aie then tested with known bufl:eis, say, 6 00 to 8 00 
pH, and those m which the glass-membiane is too thick (i e , give values below 54 
mv per umt pH) are rejected 

A glass-electrode to be satisfactory must first be standardized The method 
adopted for such standaidization is to prepare, with double distilled water, several 
bufiers made up with potassium-dihydrogen-phosphate and sodium-hydroxide 
(Clark, 1920), and of pH values ranging from 6 00 to 8 00 With these as standards 
inside, and N/10 hydrochloric acid outside the electrode-cup, the potentials given 
are read off The values in millivolts are then charted on graph paper when, if the 
electrode be satisfactory, the increasing values fall on a straight line The graph 
§0 prepared is the standard graph for the particular electrode , it cannot be used 
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with any othei It is easy from this graph to read oft at a glance the pH of a tissue 
or tissue fluid whicli has given a certain potential It is alvs’avs necessary to test 
tlie electrode with these buffers each day before starting the day’s work , and if the 
readings are below or above the figures given by the graph, correction has to 
be made If, for example, the grapli indicates that the electrode gave a reading 
of 350 millivolts for a pH of 7 00 and it be found, on any subsequent day, that it 
gives a reading of 355 milh'v olts for the same pH then 5 millivolts has to be sub- 
tracted from all readings obtained on that day so as to enable the graph to be 
used for conversion into pH values If, on the other hand, the electrode gives a 
reading of 346 millivolts for the same pH then 5 millivolts has to be added to all 
readings on that day Another, but more tedious, method is to prepare a new 
graph each day 

For the routine work of this laboratory it has been found convenient to have 
electrodes varying in capacity from 5 c c down to 2 drops The most useful size 
is one that holds 10 drops or about half a c c 

Technique of taking a reading. 

Mrs Kerndge (1925) has stated that it is possible to take readings when the 
cup IS only half full of the material under test This is so if the cup be of a capacity 
not exceeding 10 drops But when it exceeds this capacity very erratic potentials 
are obtained with anything less than a completely filled cup A typical set of 
results, as given with a cup about 2 c c capacity when it contams varying amounts 
of minced liver tissue, is as follows — 



Millivolts 

pH 1 

Millivolts j 

pH 

3 drops 

212 

4 01 I 

186 

4 14 

[ 

10 „ 

240 

6 09 i 

1 


1 c c i 

263 

5 49 

232 

4 96 

1 5 c c i 

j 

264 

5 34 

1 


Full 1 

302 

6 16 

302 

i 

i 6 16 


This curious phenomenon can be explained thus The potential developed 
on either side of the glass-membiane is a function of the difference m pH on either 
side of it and is equal to the difference in the total charges of H ions in contact with 
each side of the membrane If on one side of the membrane there are a certain 
number of H ions which remains constant, and on the other side there is a test- 
material of a certain pH which is m contact with the membrane over different areas 
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at clifteieDt- times of takinji tlic leadiufr, then the icsiiltant charge clue to H lous 
on eithei side of the membiane \vill diffei A\'or]ving ^vlth electrodes of small 
capacity, say 5 drops, we get steady potentials witli 2 oi 3 drops of test-material, 
because in these ciicunistanccs, the fluids, due to eapillary action, creep up the 
surface of the cup which being of small size is completely coveied by them If, 
howevei, the cup be of a larger capacity its surface is not completely covered by 
the fluid nuclei test and the potentials vary accordingly It is, therefore, advisable 
to have electrodes of a capacity suited to the amount of material available for test 
As previously stated those of 10 drops capacity are of most general use Those 
of veiy small capacity, say 2 to 5 drops, are difficult to make as the membrane has 
to be sufficiently thin , this is difficult to ensure when the cup of the electrode is of 
small size 

"WTiatever be the capacity of the electrode the method of taking a reading is 
the same Kinse the cup once oi twice with the test-material Wipe the outside 
of the bulb and the stem of the electrode thoroughly with dry filter paper or cloth 
(this procedure is necessary in order to pievent any layer of moisture on the outside 
of the electrode acting as a conductor) Carefully fill the cup of the electrode with 
the test-material Fit the electrode to a convenient wmoden holder by means of a 
clip Place it in position underneath the calomel-electrodes and by means of the 
rack and pinion lower the latter, one into the cup and the other mto the N/10 hydio- 
chloiic acid solution {vide Fig 1) With the needle m the earthed position the 
reading of the micrometer-scale is noted The needle is tlien unearthed (i e , 
charged), when it is seen to move along the micrometer-scale By adjustmg the 
potentiometei-dial the needle is brought back to the oiigmal position To make 
sure that it has been brought back to the identical position the needle is repeatedly 
earthed until one is certain that there is no deflection 

Method of taking pH of tissue fluids and tissues. 

It IS easy to take the pH of blood, urme or other fluids , all that has to be done 
IS to fill the cup of the electrode wuth the flmd to be tested But in the case of 
tissues the material has to be pulped in order that it may come mto contact with 
the inside of the cup The glass-electrode as at present made cannot be used for 
measuring pH in the livmg body The tissue has to be removed from the body 
and finely minced or pulped, the cup of the electrodes being then filled with the 
pulped material A number of experiments were carried out in order to see whether 
the degree of mincing gives rise to any variation of pH It was found that the pH 
remains constant whethei the material was minced coarsely or finely or ground 
into fine paste m an agate mortar, always provided that it was m contact with the 
interior of the cup at every part Further, it was found that slight dilution with 
distilled water has no effect on the pH , this is well known to be so when the 
material under test is blood or urine, 



G Sanka)an 


901 


Effect of time of removal from the body on the pH of tissues 

Several experiments ivere carried out with the object of determinmg ■whether 
the pH of any given tissue varied with the length of time which had elapsed since 
the removal of the tissue from the body A certain mass of tissue was minced up 
and portions of it were examined at various intervals of time The results 
of two such experiments are given below , the examinations being made at 
laboratory temperature (about 20°C ) and at about 0“C (i e , at cold storage 
chamber temperature) — 


Time 


JECNGED LIVER TISSUE 
21° CeKTIQRADE j 0° CENTiaHADE 

j I 

Millivolts pH j Millivolts pH 



Time 


JUNCED CHEST MUSCLE 
20“ Centiqrade 1 0“ Centigrade 


On removal from ‘■he body 

1 hour after death 

2 hours after death 



MiUivolts 

pH 

285 

5 86 

285 

5 86 

282 

5 80 

281 

5 79 

281 

0 79 

281 

0 79 

280 

5 77 


Millivolts pH 


285 5 86 

285 5 86 

285 5 86 

285 5 86 

285 5 86 

285 5 SO 

285 5 S6 
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From these results it is evident that there is 
{i) no change in the pH up to 2 days at 0°C , 

(^^) no change up to 2 liouis at room temperature , but theie is 
I [m) a definite change aftei 3 to 4 horns at laboiatory temperature, probably 
due to alteiations biought about by enzymes or bacteria 
As we can easily make pH deteiminations of seveial minced tissues withuian 
hour of their lemoval horn the body, the method above outhned has proved to be 
sufficiently reliable foi oui work These results, however, apply only to tissues 
removed from animals that have been killed e have obtained evidence that 
when animals have died a natuial death changes m pH of the tissues occur more 
rapidly 
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Thevetia nenifolia {Cerbem thevetia), N 0 Apocyanacem is known as yellow 
or exile or bastard oleander It is known as ‘ Pila-kamr ’ in Hindi and Gujrati, 
' Kbkilphul ’ or ' China karab ’ in Bengali and ‘ Pachhai alasi ’ in Tamil It is a 
large tree commonly met u itli in the plains all over India and is widely grown in 
gardens for its beautiful yellow flotvers The plant was origmally a native of the 
West Indies but has been completely natuialized in India It is about 12 feet 
high with linear, lanceolate leaves about 6 inches long and | mch broad and has 
large yellow, bell-shaped flowers 3 mches in length All parts of the plant 
abound in a milky juice The fruits are globular, light green, about H by 
2 mches in diameter and contain a single nut, light brown m colour and of a 
peculiar triangular shape Each nut contains 2 pale yellow seeds These 
seeds have long enjoyed a reputation of being highly poisonous and have been 
very commonly employed for suicidal and homicidal purposes In Bengal 
both the whole fruit and the seeds have been used by women as abortifacients 
Of late years the seeds have come into somewhat extensive use in some parts 
of the Bombay Presidency as a cattle poison The plant is not used very much 
in therapeutics because of its highly toxic properties, but an alcoholic preparation 
of the bark is sometimes used as an anti-periodic in Hindu medicine , 30 to 60 
drops of this preparation (1 in 5) act as a purgative and as an emetic 

Chemistry of yelloio oleandet 

De Viij (1881, 1882, 1884) obtained from the kernel of the seeds 57 per cent 
of a hmpid, almost colourless oil by extraction with benzol, which had a density of 
0 9148 at 25°C and which sohdifled at 13°C After extraction of the oil he obtained 

( 903 ) 
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a crystalline white glncoside (yield about 4 pei cent) to which he gave the name 
‘ thevetm ’ The same glucoside was found in the bailc of the plant Warden 
(1882) refeiied to a principle in the seed which gives a blue colour with hydrochloric 
acid and a second toxic piinciple which is moie poweiful than thevetm With the 
exception of a few coloui leactions veiy little detailed study about the constitution 
of the glucoside, its melting point and othei chemical piopeities appears to have 
been carried out by these workeis B B De and .V P Choudhuri (1919) isolated 
the glucoside ‘ thevetm in a puie condition This was obtained in the form of 
cubes , it had a melting point of 189°C — 190°C and decomposed at 205°C The 
moleculai weight was also dcteimincd bi the ciymscopic method, and from the 
lesults of combination they gave it the foimula — Cv^HjoiOso The non-sugar 
pioduct of hydrolysis of the glucoside was also isolated in an amorphous condition 
and was named ‘ thevetidin ’ This pioduct is stated to be more toxic than thevetm 
These workers also remarked that the glucoside ‘ thevetm ’ loses its toxic power on 
re-ciystallization, giving a filtiate which on evaporation is obtained as anuncrystal- 
lizable brown mass possessing more toxic powei If so, it appears that durmg the 
process of le-ciy^stallization some inter -molecular change occius in the glucoside 
which IS not equivalent to hydrolysis but which gives a toxic filtiate Ayyai (1928) 
isolated thevetm and desciibed some of its chemical and phy'^sical properties He 
obtained thevetm ’ m glistening white plates softening at 190°C and finally 
melting at 215^0 

Isolation of the glucoside — The following method foi the isolation of the gluco- 
side of yellow oleander was followed m our laboratory From 2,175 g of the kernel 
of the seeds of yellow oleander the oil was partially removed by expression and 
the residue extracted with hot 92 per cent alcohol After removing a large portion 
of the spirit by distillation the lemaindei was distilled under reduced pressure 
and at temper atm es not above 70°C The dark brown mass contaimng much 
oil was washed three times wuth low boiling peti oleum ethei The zcsidue was 
acid m reaction It was treated with piecipitated chalk and then extracted with 
boilmg absolute alcohol The alcoholic extract was concentrated to 200 c c and 
poured with vigorous stiiimg into a large volume of sulphuric ether in which the 
glucoside IS insoluble In this way the last traces of oily and fatty substances 
were removed The glucoside crystallized as rectangular plates when slowly cooled 
fiom an alcoholic solution m a fortnight The civstals were washed with a very 
small quantity of water and the fiist washings which were coloured were discarded 
It was le-ciystalhzed from aqueous alcohol (4 1), and was obtained in beautiful 

w^hite lectaiigulai plates, the length being 4 to 5 times that of the breadth The 
glucoside IS sparingly soluble in cold water but freely soluble m hot water, from 
which it does not separate (limit h per cent) It is freely soluble in dilute alcohol 
(50 per cent), the solubility decreasing with the concentration of the spirit It 
insoluble m ether and chloroform After shaking with ethvl acetate and amyl 
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alcohol foi a long tune the gUicoside is lemoved partially and crystallizes m an 
irregular system of plates Fioin rectified spirit it separates as hexagonal plates 
with smooth and round coineis The m p is found to he 189°C — 190°C With 
strong HiSOi it gives an ochre yellow colour turning red in about 12 hours , when 
heated with resorcinol and In diochloiic acid a pink colour is obtained (J C S 
Abs , 1923, p 1023) The glucoside is ludiolysed b> dilute HoSOi and HCI, the 
product reducing Fehling’s solution as well as aramoinacal silver nitrate solution 
The non-crystalline brow u residue, whicli is left after ciystallization of the glucoside, 
gives the pseudo-indican colour reaction It also reduces Fehling’s solution both 
before and after hvdrolysis showing the presence of reducing as well as glucosidal 
substances An attempt is being made to isolate the second toxic glucoside 
reported by De and Choudhuri {loc cit ) 

Phannacological action — In our series of experiments the effect of the drug 
was studied on frogs, labbits and cats In toxicitv experiments white mice and 
gumca-pigs w ere also used Cats weighing between 2 and 3 kilos were aninsthetized 
with chloralose (0 1 g per kilo bod> -weight) , urethane (1 8 to 2 g per kilo body- 
weight) supplemented by ether, whenever necessary, was used in those experiments 
in which the effects on the respiratorj system were investigated 

Toxicity — The glucoside has been known to be highly toxic for a long time 
In order to determine the exact toxicity its effects on vaiious orgamsms were tested 
On ParanKEcium caudatum thevetm lu concentrations ranging from 1 in 10,000 to 1 
in 100,000 does not produce any inhibition of movements or death of the orgamsms 
The helminths obtained from the intestinal tracts of cats and dogs aie kept in strong 
solutions of the glucoside but no toxic effects are observed Frogs, however, show 
defimte poisoning effects The glucoside in doses of 0 2 mg causes the heart to 
slow down considerably and it ultimately stops in systole IVith fatal doses the 
toad shows a series of symptoms which w'eie quite characteristic The animal, 
within five minutes of injection, shows quicker and deeper respirations and after 15 
minutes the animal, when placed on its back, is unable to turn over The heart 
beats progressivelv slow down from the beginning Injection of atropme before 
administration of the drug rendered the slowing of the heart less marked The 
minimum lethal dose in these amphibia varies from 0 15 to 0 3 mg per kilo body- 
weight 

“White mice weighing fiom 10 to 20 g are given injections of thevetm m the 
tail vein “With doses of 0 1 mg per gramme death occurs almost immediately 
With doses vaiying from 0 04 to 0 05 mg per gramme death occurs withm five 
mmutes General excitability and tiemors of the head are noticed and sometimes 
paralysis of the hind limbs are seen befoie death The lethal dose varies from 0 03 
to 0 04 mg pei giamme 

Guinea-pigs weighing fiom 400 to 600 g aie given injections of thevetm sub- 
cutaneous!} and mtrapeiitoneally Within a few mmutes aftei subcutaneous 
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injection of tlie ding in toxic doses, the animal shows signs of being unable to keep 
the head in position Theie is a tendency for it to lie on one side The respiration 
lb huiried and becomes quicker and deepci The motoi excitability is shghtl} 
increased as evidenced by occasional twitchings of the whole body After some 
time, the animal shows a tendency to lie on its side oi flat on its abdomen with the 
front limbs abducted Inco-oi dination, especially of the hind limbs, is observed 
which sometimes ends in paialysis During the last stages convulsions are noticed, 
sometimes spontaneously and sometimes on slight external stimulation Involun- 
tary passage of urine and freces at these stages is not uncommon Death occurs 
from 15 to 40 minutes according to the dosage mjected The lethal dose varies 
from 0 015 mg to 0 024 mg pei kilo body- weight of giiinea-pig subcutaneously 
Intraperitoneally thevetin in the same dosage as the subcutaneous causes death 
within 5 to 10 minutes of the injection The lethal dose works up to 0 01 mg per 
kilo by this route 

Toxicity of thevetin was also deteimmed on cats Thevetin dissolved in dilute 
alcohol was administered by means of a stomach tube in doses of 0 1 g , 0 12 g , 
0 14 g , 0 15 g , and 0 2 g , per kilo body- weight to a series of cats w'eighing from 2 to 
3 kilos The fiist animal leceiving the smallest dose showed no appreciable efiect 
whatsoevei except slight sahvation, hurried lespiiation and restlessness The 
second animal had retchmg movements , after half an hour it \omited segments 
of a tapewoim and appeared to be in a condition of extieme restlessness 
Breathing became burned in 40 minutes and the mouth was filled with sticky 
saliva which clung to the jaws After about an houi the animal became quiet, 
the salivation decreased and in an houi-and-a-half completely stopped The 
respiration, however, remained burned, the animal showed no inclination to move 
and tried to lie down quietly , death occurred eight houis latei The thud 
animal which was given 0 14 g pei kilo body-w eight showed within 20 mmutes 
piofuse salivation producing the same sticky saliva The respiration became 
accelerated and vomiting occurred twice or thrice 'Within an houi-and-a-half, 
a condition of coma set in and the animal died aftei about two hours No 
paralysis was noticed but spasms were found to occui in the limb muscles 
Animals receiving doses highei than 0 14 g showed almost the same tram 
of symptoms as that occurring in the third cat but death followed much 
earher 

Post-mortem examinations of these animals did not show any congestion of 
the mucous membiane of the stomach, noi any signs of uiitant poisoning as is 
reported in case of poisoning by Nenum odonim The heait stopped in diastole 
and organs like the kidneys, spleen, intestines, etc , were quite normal The visceral 
vessels were all found congested 

Local action — The glucoside has no irritant action on the skin Instillation 
of a 1 per cent solution into the eye of a rabbit oi a cat does not produce much local 
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irritation of tlie coii 3 unctiva nor any anoestliesia of the cornea An injection of a 
2 per cent solution into the thigh muscles of a cat sets up a mild congestion hut 
no tissue neciosis oi oedema is evident at the spot It is readily absorbed from 
the tissues 

Alimentmy byAem — The effect of the glucoside on the intestmes was studied 
in cats under chloralose ansesthesia, as this anaesthetic has been found to have less 
effect on the automatic movements of the gastro-intestinal tract than most of the 
other amesthetics in use Graph III, B, shous the result of an intravenous 
injection of 0 5 mg of thevetin in an intact animal, the peristaltic mo'v ements being 
recorded with a Jackson’s enteiogiaph It will be seen that there is a well-marked 
stimulation of the plain muscles of the mtestme This stimulant action is at least 
partly due to peripheral stimulation of the nerve-endings of the vagus, as the 
effect disappears to a very great extent after the vagal endings are paralysed with 
atropine Stimulation of the plain muscles of the intestine is also partly 
responsible for the increase in tonicity 

The effect of the alkaloid on the muscular activity of isolated pieces of ileum 
was studied in a Dale’s uterine bath Both the tone and the movements of the 
gut were defimtelj stimulated by dilutions as lou as 1 m 100,000 to 1 in 200,000 
(Graph III, D) This shows that the drug has probably a direct muscular 
stimulant effect 

Digestive enzymes — Thevetin even in high concentrations has little action on 
the digestive enzjmes The peptic digestion is not affected in concentrations of 1 
in 1,000 , the pancreatic digestion is not touched 

Respiratory system — Graph III, F, shows the record of tracheal pressure with a 
Marey’s tambour in a cat under urethane An injection of 0 25 mg of thevetin 
usually produces no change m respiratory excursions With a bigger dose, such as 
0 6 to 0 75 mg , there is a tendency for the lespiration to become slightly slower, 
but this seems to be only a temporary effect due to central vagal inhibition This 
effect IS not observed after section of the vagi in the neck With toxic doses the 
respiratory tracings show a good deal of variations , this is probably secondary to 
the circulatory disturbances brought about by the drug to which reference will be 
made later When the vagal endings are paralysed with atropine an injection 
of thevetin shows a slowing of th e respiration This is probably due to the sympathe- 
tic action gettmg the upper hand (Graph III, (?) 

The action of the drug on the bronchioles was tested by recording the intra- 
pleural pressure by means of a canula introduced through the ribs into the pleural 
cavity The animals were kept under artificial respiration from a mechanical 
pump with regulated number of strokes per minute so that the quantity of air 
pumped into the lungs remained quite constant Thevetin in 0 25 mg doses does 
not produce any appreciable change in the intra-pleural pressure records When 
the animal is given an injection of a toxic dose of the drug, however, certam changes 
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at the late stages are obseived which aie entirely clue to circulatory disturbances 
(Graph I, A, B, C, D ami E) 

Effect on systemic blood-piessuie — Injections of 0 1 to 0 25 mg of thevetin 
into the femoial vein of cats cause, within 20 to 30 seconds, a distinct and a mam 
tamed rise of the blood-pressure varying from 10 to 20 mm of mercury (Graph II, 
A, Graph III, A and H) , a summation effect pioportionate to the dose is sometimes 
obtained when anothei injection is given on the top of the first injection This 
IS only the case when the dose does not exceed 0 5 mg Injection of larger doses, 
such as 1 mg to 5 mg , pioduces an iriegiilarity in the blood-piessure cmve m most 
animals (Graph I, A, B, 0, D, E and F) Small irregular oscillations are at first 
produced followed by a well-marked use in the blood-pressure cuive If the dose 
does not reach the lethal limit this iriegulaiity goes on for some time An efiort 
on the part of the circulatoiy mechanism to le-adjust itself then becomes gradually 
evident and the blood-piessuie shows a tendency to return to the normal level 
If, howevei, the lethal dose is pushed into the ciiculation qiuckly the irregularity 
in the blood'pressiue curve is followed by a tremendous fall with subsequent collapse 
and death of the animal The rise in blood-pressure with small doses occurrmg 
in intact ammals also occurs in deccrebiated annuals, though not to the same extent 
The pressor effect does not disappeai when the sympathetic ganglia and nerve- 
endings are paralysed with nicotine and ergotoxme lespectively This shows 
that the sympathetics play little or no pait in the pioduction of pressor eftects 
When the vagal endings aie paialysed with atiopine, theieby cutting off all the 
inhibitory impulses, thevetm still causes a rise in piessure (Graph II, E) These 
findings lead us to conclude that the stimulation of the musculatuie of the heart 
or the vessel walls is perhaps responsible for the effect on the blood-piessnre 

Action on the heait — Fiocfs litail Thevetm ivas given intra-hcpatically or m 
the lymph-sac m doses of 0 1 mg to pithed fiogs and the movements of ‘ the heart 
were recorded on a slowlj'^ moving drum About 15 minutes aftei the mjection a 
definite slow mg of the heart and a diminution m the amplitude of the contiactions 
are observed (Graph I, Gt, H, I, J andK) Sometimes the effects pass oft completely 
in a short time, but if anothei dose is given at this stage the slowing becomes much 
moie evident, the diastolic phase is shoitened and the ventricle remains in a state 
of semi-contraction even dining the phase of lelaxation This stage of contraction 
slowlv spreads over the whole chambei until the ventricle receives no nioie blood 
from the auric ulai systole, and eventually comes to a standstill The amides may 
continue to beat tor some time after the ventricle has stopped and latei stop m a 
state of wide relaxation 

Mammalian lieaU — Myocaidiogiaph expemnents On the mammalian heart 
thevetm has a stimulant action m small doses With a dose of 0 1 mg a veiy 
slight stimulation of the auricles is evident, but the ventricles are not affected at all 
-{Graph II, A) ith a highei dose, 0 25 to 0 5 mg injected intravenously, a distinct 



Graph 1 



A, B, 0, D, E and F — ^Record ol blood pressure and intra pleural pressure in a cat under chloralose A toxio 
dose of 2 5 mg of thevotm injected in the femoral vein Note the nse m blood pressure after injection followed by 
marked irregularity in the blood pressure curve At C, 3 2 minutes later the blood pressure is at its highest level 
(80 mm of mercury from base line ), and iiregulanties are well marked At E the blood pressure has come down to 
40 mm of mercury (lower than the original level) but the rhythm seems to be fairlj well maintained At F, the 
irregularity is very well marked Death follows soou after this stage 

O, H, I, J and K — Frog’s heart after injection of thevetin in gradually mcreasmg doses in the lymph sac and 
intra hepatically The slomng of the heart becomes evident 6 minutes after injection , at this stage occasional missed 
beats are also to be seen Still later, regular missing of beats Final stoppage in systole 




Graph II. 



A, B, G, D and E — Myocardiograph tracings in cats under chloralose ausestliesia At A, uith 0 1 mg 
very slight stimulation of the auricle IS ident At ivith 0 5 mg of thevetin the ueakemng of the auncular 
very well marked , the ventricle shows shght stimulation At G and D, with 1 26 mg of thevetin, the auricle shous m® 
inhibition both in its systolic and diastolic phases The ventricle follows smt a few seconds later Missing of 
irregularities of conduction are also evident , at times, complete auncular paralysis is seen followed by slow, spon 
ventncular rhvthm The blood-pressure at these stages is very irregular E shows the myocardiographic lecor 
atropine Stimulation of the auncle and ventncle is practically non existent (Jnoh 

F, 0, H, I and J — Isolated mammalian heart perfused by LangendorH’s method and cardio-meter At F an 
stimulation of kitten’s heart with dilutions of 1 m 100,000 and 1 in 50,000 At H and I, with a dilution of 1 m 
irregulanty is well seen in a rabbit’s heart At J , with 0 25 mg thevetin stimulation, particularly in the systo 
13 seen i\' the cardiometer tracing 
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s^o^\^ng of the rhythm ib e\ idoiit In most c iscs a slight and tiansicnt depression 
of the innculai s} stole is noticed (Gi.ipii II, 71) The \entricles do not show any 
signs of stimiil ition in the beginning, but I.itei lioth the systole and diastole are 
slightly inci eased, tlie diastolic effect being more marked With bigger doses, such 
as 0 75 to 1 mg , the amplitude of contraction of the aiiiicles is maikedly dimin- 
ished (Graph II, 0) The ventricles in most cases show a diminution m the ampli- 
tude uithin 12 to 15 seconds of the auricular effect , gradualH some inco-ordina- 
tion m the passage of the impulses fiom the auiicle to the ventricle becomes 
evident and the beats become irregular A\ ith still higher doses injected rapidly 
the auriciilai contractions show a rapid weakening m stiength, fibrillary twitchmgs 
of the musculature and the rhythm is markedly slowed This gradually goes on 
till the musculature is paralysed so much so that the lever fails to record the beats 
Fibrillation of the ventricle becomes evident at this stage, but it keeps on beating 
for some time very irregularly until finally either the ventricle stops suddenly or a 
spontaneous and slow ventriculai rhythm starts (Graph 11, D) In order to deter- 
mme whether the effect of thevctin was due to an action on the nervous mechanism 
or on the myocardium, the nervous connections of the heart with the central nervous 
system were severed In some experiments the brain was destroyed bv passing a 
stout metal seeker into the cranium thiough the foramen magnum, while in others 
the vagi were severed at the level of the neck In both these series there was very 
little alteration m the effects produced by the glucoside, showing that the centre 
is not wholly responsible for the heart changes When the terminations of the 
vagi were paralysed by' atropine the effect of the drug on the chambers of the heart 
disappeared to a great extent and the slowing of the chambers became much less 
evident (Graph II, B) It can be concluded, therefore, that stimulation of the 
mhibitory nervous mechanism is responsible partly for the slowing effect on the 
rhythm of the heart 

The accelerator mechanism does not seem to play any part in the effect 
Paralysis of the sympathetic nerve-endings after large doses of ergotoxine does not 
altei the my ocardiograph tracings in any way The blood-pressure is slightly 
lowered 

Cardiotneter experiments — Injection of 0 25 mg of thevetin into the femoral 
vein stimulates contractions The heart as a whole appears to be stimulated, 
both the systolic and diastolic phases being increased The output of blood is also 
definitely increased (Graph II, J) 

Action on isolated mammalian heart — The isolated hearts of rabbits and kittens 
were perfused with oxygenated #arm Locke’s solution at pH 7 2 In dilutions 
of 1 in 100,000 to 1 m 50,000 thevetin produces a definite stimulation of the beats 
In weaker dilutions, e g , 1 in 200,000, no effect is noticed In stronger concentra- 
tions, e g , from 1 in 50,000 to 1 in 20,000, a definite increase m the force of the 
beats along with some slowmg in the rhythm is observed With still stronger 
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coiicentiations, eg, 1 in 10,000 to 1 in 5,000, the muscles go into fibrillary 
twitchiiigs and finally deliuiim cordis sots in, the licart ultimately stopping in 
diastole Paralysis of the vagal endings with atropine m such preparations, still 
produces the slowing effect but to a much smaller degree It appears likely that 
the drug has some direct action on the myocardium (Graph II, P, G, E, 1 and J) 

Coionauj outflow — In small concentrations such as 1 in 100,000 to 1 in 50,000, 
both the diastolic and the systolic phases become distinctly improved and the 
coronary outflow is slightly increased AVith higher concentrations, due to imper- 
fect contractions of the ventricle, very little blood is pumped into the coronary 
arteries and the outflow is reduced to half or even less In one experiment, the 
coronary outflow decreased from llcc to5cc, half a minute after an injection 
of thevetin in dilution of 1 in 10,000 

Puhnonaiy piessiue — The pulmonary pressure shows a definite use with 0 25 
to 0 5 mg of thevetin This action is mainly cardiac due to stimulation of the 
musculature (Graph III, E) 

Action on the blood vessels — "\Ve have aheady seen that intravenous injections 
of thevetin in small doses produce a rise in the systemic blood-piessure This 
rise IS still produced after the sympathetic gangba aie paralysed with nicotine and 
the sympathetic neive endings are similaily treated with ergotoxine The rise 
IS less 111 evidence after the vagal endings are paralysed with atropine All these 
suggest the possibility of the glucoside having some direct action on the musculature 
of the vessel wall 

In Older to determine any direct effect on the involuntary muscle of the blood 
vessels, a Trendelenburg preparation was put up After pithing a frog, a canula 
was introduced into the aortic arch and through this the vessels were perfused with 
Ringer’s solution (frog) The outflow was noted by counting the drops that emerged 
fiom the cut-end of the inferior vena cava, sufficient time having been allowed for 
the preparation to give uiuform results Thevetin was then added to the peifusate 
and the time taken for every 10 drops was recorded This shows a slight increase, 
showing that the alkaloid by its direct stimulant action on the musculature has 
produced constiiction of the aiteiial system In warm-blooded animals such as 
the cat, addition of thevetin to the perfusate produces an appreciable constriction 
of the blood vessels of the artificially perfused hind limbs The constriction is 
still present, though to a much less extent, after the vasomotor nerve-endmgs were 
paralysed with large doses of ergotoxine The drug, therefore, must have a direct 
action on the involuntary muscle fibres of the vessel wall 

Limb volume — The limb volume, as a lule, does not show any change after an 
intravenous injection of the drug In some cases a slight fall is obser-ved, piobably 
due to the mechanical effect of the rise in systemic blood-pressure (Graph III, S) 

Intestinal volume and hdney volume— The. effect on the blood vessels of the 
splanchmc area was studied by noting the changes produced on the volumes of such 



Graph III, 



A — Blood pressure and bladder movements with 0 25 mg of thevetin Note rise in blood pressure and mcrease 
of tone of the musculature of the bladder 

B — Intestinal movements in situ, shows defimte stimulation with 0 6 mg of thevetm 

C — Record of movement of an isolated piece of virgin rabbit’s uterus in a Dale’s bath at 37 5°C , and pH 7 4 
Distmct stimulation of movements is to be seen after thevetm in concentrations of 1 in 400,000 to 1 in 200,000 are 
given The effect disappears to a great extent after washing 

D — ^Isolated loop of mtestine in Dale’s bath Stimulation is evident in 1 in 200,000 dilntion 
E — ^Blood pressure and pulmonary pressure Temporary rise in pulmonary pressure is noticed with 0 25 mg of 
thevetin This is probably due to direct effect of the drug on the heart 

F and 0 — Intratracheal pressure before and after atropine F shows no change and Q shows slight slowing of 
the rate and relaxation of the bronchioles 

H, I and J — Intestinal volume, limb volume and kidney volume mth thevetm 0 26 to 0 5 mg Intestinal volume 
shows a sbght nse with small doses while limb volume and kidney volume show practically no chant'e 
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orgins as tlie spleen, kidney and the intestines The intestinal volumes show a 
slight increase (Graph III, G) , the kidney volume m most cases maintains a 
normal level (Graph III, I) Thoiish one would expect a constriction of the 
volumes of these organs due to the effect of the drug on the vessel wall, this 
effect appears to be countei-balaiiced m most cases by the general rise in the 
systemic pressuie and the volume changes nsiiall} keep pace with the systemic 
blood-pressiue 

Action Oil uterus and plain muscles — Thevetm m 0 26 mg doses stimulates 
the plain muscles, as evidenced by tlie increase in tone and movements of the 
urinary bladder (Graph III, A) The non-pregnant uterus of rabbits is markedly 
stimulated by such dilutions as 1 in 200,000 to 1 in 100,000 (Graph III, C) 
This IS probably due to dnect action of the drug on the smooth muscles of the 
bladder and uterus 

Discustjon — From the experimental data it would appear that the effect of 
thevetm is specially marked on the heart and the circulatory system In very 
small doses it has got a distinct tonic action on the heart and circulation The blood- 
pressure is raised and is maintained at a high level foi a fairly long time The 
pulse is slowed This piessor effect is partly due to increased cardiac output and 
partly to the stimulant effect of the drug on the plain muscles of the blood vessels 
In cardiometer experiments there is distinct evidence of the stimulant effect on the 
heart In myocardiograph experiments both the systolic and diastolic phases are 
found to be more complete This effect is partly due to stimulation of the vagal 
endings and partly due to direct effect of the drug on the cardiac musculature 
Stimulation of the vagal endings should produce a slowing and depression of the 
auricles as well as of the ventricles But in most of the myocardiograph experi- 
ments the auricles are affected much more than the ventricles This result is 
difficult to interpret but the possible explanation might be that, although both the 
factors are operatmg in each case, in the case of the auricles the nervous factor 
predominates, while in case of the ventricles the stimulant effect of the drug on the 
musculature overbalances the nervous effect This is in accordance with the 
findmgs of Starling who has pomted out that it is doubtful if the vagus has any 
direct action on the mammalian ventricle, its effect at any rate is slight as compared 
with that on the venous end of the heart In large doses thevetm produces a marked 
inhibition of the auricles and the ventricles The rate, rhythm, and the force of the 
beats are all markedly decreased Conduction of the unpulses seems also to be 
affected and marked irregularity in the auricular and ventricular contractions are 
evident In this stage it would appear that an excess of inhibition overshadows for 
the time being the muscular effect , the heart-beat is very irregular and slow but, 
provided the effect is not too strong, the output at each systole is still quite enough 
for the cuculation to be kept up temporarily and the systemic blood-pressure is 
actually higher than normal m some ammals Still larger doses of thevetm, it has 
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been shown, piocluce fibiillary twitchings of tJie auricular muscle and sometimeb 
complete paialysis This lesult is probably due entucly to muscular action as this 
ehcct cannot be abolished bj^ paialysing the vagal endings with atropine The 
quickening of the heait, noticed m some c ases dining the last stages after a big dose 
of the ding, is piobably due to an action on the e\cito-motoi area It is ven 
difficult to say at this stage whether the uiegulaiit} of conduction noticed in some 
cases is due to any special action of the drug on the nodal tissue and the Bundle of 
His, like some of the digitalis gioups of diugs Foi elucidation of this point fiirthei 
investigations aie required pieferablv with the electiocardiogiaph The determina- 
tion of the P-R interval before and aftei the drug is likel\ to be of great use 

Summary and conclusioxs 

1 One of the active principles of Thevelia noufolia (}ellow oleander) is a 
crystalline glucoside — th eve tin 

2 Thevetm is very toxic to frogs, mice, guinea-pigs, cats and higher animals 
It has no irritant action locally on the conjunctiva or on the skin or when injected 
subcutaneously 

3 The glucoside has no action on the digestive enzymes It has little or no 
direct effect on the respiration 

4 Thevetm has a direct stimulant action on the plain muscles of the intestine, 
bladdei, virgin uterus and blood vessels 

5 Thevetm has a pronounced effect on the circulatoiy system, nhicli 
resembles m many respects the drugs belonging to the digitalis group 

6 This action appears to be due partly to stimulation of the vagal mechanism 
and partly to direct stimulation of the cardiac musculature The action manifests 
itself either on the nervous oi on the muscular elements of the heart according as a 
small or a large dose is administered It is not possible to state v hether conduction 
of the impulses from auricle to ventricle through the Bundle of His is afiected 

7 The glucoside, on account of its cardiotonic properties, should be a potent 
therapeutic agent, but the margin between the therapeutic and toxic limit seems 
to be too low to warrant its safe administration 
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ON EABIES COMPLEMENT FIXATION IN EABIES THE 
TECHNIQUE, ITS PUEPOSE AND ASSOCIATED 
CONSIDEEATIONS 

BY 

I\Iajor S D S GREVAL, b sc (Punjab), m r» , ch b , d p h 
(L iverpool), IMS, 

Officiating Diiector, Pasteur Institute erf India, Kasauli 
[Received for publication, October 10, 1932 ] 

I The technique 

1 The reagents 

(i) The htemolytic system as prepared for a Wassermann reaction and used 
in the same proportions For the titration of the complement Method No 4 of 
the Medical Research Council (1928) has been followed 
{u) Salme as used in a Wassermann reaction 

{ill) The antigen This is a filtrate of a 3 months’ old 5 per cent carbolized 
Pans (virus) sheep (brain) vaccine of the Pasteur Institute, Kasauli A 10 c c 
ampoule is shaken up, poured out into a funnel provided with a filter-paper and 
left to filter for 3 hours The almost clear filtrate is made homogeneous by 
shaking before use 

The vaccine is prepared thus The brain of a sheep is made into an 8 per 
cent suspension with 1 per cent carbolic acid in normal saline , this is incubated 
for 24 hours at Z7°C and then diluted to a 6 per cent suspension with normal 
salme , this is kept at room temperature for about 30 days before use 

{iv) The serum, 1 in 5, from a sheep immunized against dead fixed Pans 
virus of rabies 

2 The ensemble 

To suit specially a small volume procedure, plasticine stands, small quill tubes 
with stirrers, pipettes with teats and a water-bath with glass sides After descrip- 
tions by Hewlett (1926) and Brown (1915 , 1918) 

J, MR ( 913 ) 
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(a) Left at room temperatxiie foi 1 hour {b) Left in \\atei-bath at 37°C for 
45 minutes (c) Left at loom tempeiature again for 15 minutes (d) Sensitized 
red cell suspension, 1 vol , added to all the tubes (e) Left in water-bath for 
half an honi (/) Lysis and inhibition of lysis noted ((/) Left in the cold 
overmght (/i) Tiaces of lysis noted 


Reagents 

Serum control 

AntIOLJ. CONTROr 

Test bropfe 


Tubes — 

Tubes — 

Tubes — 


1st 2nd 

lat 2nd 

1st 2nd 3rd 

Complement, M H D 

2 3 

2 3 

8 10 12 

m 1 vol 




Serum dilution 

1 vol 

Nil 

1 vol 

Antigen 

Nil 

1 vol 

1 vol 

Saline 

1 vol ’’ 

1 

1 vol 

Nil 


For weak seia, smaller doses of the eomplement aie used in the test proper, 
e g , 3, 4 and 5 M H D or 4, 5 and 6 M H D oi 6, 7 and 8 M H D instead of 8, 10 
and 12 M H D To detect the meiest trace of the immune body in a very weak 
serum the dilution of the seinm is lowered, e g , a 1 in 4 or 1 in 3 dilution is used 
instead of a 1 in 5 dilution 

For strong sera the dilution of the serum can be raised from 1 in 5 to 1 m 7, 

1 in 10 or even highei The dose of the complement need not be raised 
above 12 

A large numbei of repetitions dining the last six months have shown 
that constant and comparable results can be obtained by keeping to the above 
figures 

Foi human sera, from cases treated foi seiious bites, a filtrate from a noimal 
sheep brain (a ‘ blank ’) is also used as an extra control, in addition to the 
antigen, to guard against a non-specific reaction against the sheep brain The 
results obtained so far have not been conclusive Modifications of the technique 
foi this purpose are on tiial 


3 Reading of results 

M H D of the complement in the fully lysed seium control fins the 
M H D in the fully lysed antigen control minus 1 equals the M H D. needed 
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for a complete lysis when the seium aucl tlie antigen are put together 
(both being anti-complementary) Any amount needed for an incipient 
lysis above this figure plus 1 represents the complement fixation measured 
inMHD 

The leason foi subtiactiug 1 is this Had the two contiols (the 
antigen contiol and the serum control) been mixed togethei as they stood in 
the tubes, there would have been two volumes of the red cell suspension to lyse, 
while in the test propex there is only one volume of the red cell suspension 
to lyse 

The reason for adding 1 is this The amount of complement needed for a 
complete lysis would, of course, produce a complete lysis in the tube containing the 
amount , when there is, with this amount, an inhibition of lysis instead, or only 
an incipient lysis which amounts practically to an inhibition, 1 M H D has already 
been fixed , this 1 M H D must be added to the total above the figure needed for 
the incipient lysis 

This mode of calculation is adopted as a working rule only A negative serum 
which IS not abnormally anti-complcmentary reduces the anti-complementary 
titre of the antigen in reality 


4 Tijincal excumples 


Cases 

Sebvji CONTBOL I 

^ Tubes — 

Antigen contboe 
Tubes — 


Test pbopee 
Tubes — 



1st 2ud 

1st 2nd 

Ist 

2nd 

3rd 


(2 doses) (3 doses) | 

(2 doses) (3 doses) 

(S doses) 

(10 doses) 

(12 doses) 

A 

! 

1 

— — 

1 4 

d' 

4- 

B 

! 1 

1 

— — 

)- 

4- 

4-(?) 

C 

_ _ 

- 

4 

4 

— 

D 

i 

1 

1 

1 

1 - 

± 

± 

E 


_ __ 

— 


~ 

P 

db — 

dr — 

t 

+ 

f 

j 

G 

d- 

1 

+ f 


d 

f 

1 

^ / 

/ 

( 
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Calculations 

Case A — 

M'H D fixed = 12 (2 -f- 2 — 1) 4- 1=10 at least (the end point not reached) 
Case B — 

^1 H 1^ fixed = 12 (2 -f- 2 — 1) -f- 1=10 ‘ ? ’ indicates a tiace of ly^^is (an 
incipient lysis) and a reaching of the end point 

Case C — 

hi H D fixed = 10 — (2 -f- 2 — 1) -f- 1=8 or ovei, but not over 9 
Case D — 

‘ Irregular ’ reaction obseived 

M H D fixed regularly = under 10— (2 2—1) -f- 1 = under 8 

M H D fixed uregularly =12— (2 -f- 2—1) + 1=10 at least 

Case E — 

Negative 

Case F — 

MUD fixed = 12— (3 + 3—1) -f 1=8 at least 
Case G — 

Results cannot be read Should be repeated with higher doses in the 
controls 

A remark may here be made on the ‘ iiiegulai ’ reactions They occur 
contrary to arithmetical considerations In case R, a i reaction is obtained 
with 10 M H D of the complement This lack of complete lysis indicates a lack 
of only a fraction of an M H D With 12 M H D there should not be any 
inhibition of the lysis at all Hence the ‘ iiiegulaiity ’ Such reactions, 
apparently unrecognized by other workers in complement fixation, are of quite 
frequent occurrence I have drawn attention to them previously in this Journal 
(Greval et al , 1930) 


5 N on-spectfic contiols 

Combinations of (a) normal sera and a filtrate as described above and of [h) 
immune sera and a filtrate prepared from normal brains (a ‘ blank ’) have given 
negative results with the lowest doses of the complement A bacteiial anti- 
serum from sheep (anti-plague) has also given negative results 

11 The purpose 

The immediate puipose of the techmque is to determine by a serological method 
the potency of the anti-iabic sera employed rn the immunization experiments which 
are being conducted on animals, at present, at the Pasteur Institute, Kasauh The 
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usual metliod of estimating the potency of such sera by a neutralization of the 
vuus 111 vitio, as shown by the escape of an animal inoculated with a mi'^ture of 
the viius and the seiiim, besides being a time-consuming process is not capable 
of giving exactly comparable results As a parallel procedure and an occasional 
check, the actual protection aftoided bj the seium can be tested from time to time 
by animal inoculation 

Auothei piiipose m view is to compare, seiologically, the efficacy of the various 
auti-iabic vaccines, by testing them against a constant seium This comparison 
will also piovide a means of diSeientiating the various ‘ stiains ’ of rabies virus, 
an inquuy lecommended by the International Babies Conference of Pans (League 
of Nations, 1927) 

Yet anothei piiipose is to test each atteudmg case at real risk, by a suitable 
modification of the technique, foi evidence of immunity, at a suitable stage, with a 
Mew to prolonging or modifying the treatment, if necessary 

The ultimate objective is to discover the means, by eliminating consumption of 
time and lack of comparability, of producing a potent anti-rabic serum which may 
be used as an adjunct in vaccine therapy in late and badly bitten cases and even 
as a cme in a declared case of hydrophobia as anticipated by King (1932) 

III Associated considerations 
1 The anti-rabic serum 

Semple (1903 , 1904 , 1911) obtained an anti-rabic serum from ponies 
after long periods of immunization by subcutaneous route This serum 
neutralized a fixed rabies virus in vitro but was without any appreciable effect 
in VIVO 

A serum obtained from sheep, after a period of immunization extending over 
eight months, by subcutaneous route, has recently been found to neutrahze a sheet 
virus (1st passage) after 12 hours’ contact at room temperature The titre of the 
serum as ascertained by a complement fixation reaction was veiy low It fixed 
‘ irregularly ’ 3 M H D of the complement only 

By adopting the intravenous route a serum of a much higher titre was obtained 
in 2 months It fixed 10 M H D of the complement ‘ regularly ’ The 
techmque described in this paper was developed with this serum The ' irregular ’ 
reaction still persisting towards the end of the titre is, in my experience, indicative 
of a possibility of obtaining a still higher titre Besides, the maximum intra- 
venous dose has not yet been reached 

The sheep anti-rabic serum contains an immune body which is not affected by 
a temperature of 55“C for 30 minutes Some specimens of it, as a matter of fact, 
weie defimtely improved by heating at 55°C foi 10 minutes This improvement 
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was not dependent on tlie destiuction of the native complement as the senun was 
over two weeks old 

An anti-rabic seium obtained fzom bufralocs, aftei a period of immunization 
extending ovei six months, by subcutaneous loutc, was not found to be as good 
Tt fixed ‘ irregulaily ’ 6 M H D of complement Heating foi 30 minutes at 55°C 
completely destioyed its immune body Exactly similai results were obtained 
by me with the anti-plague seiura from sheep and buffaloes, last yeai, at 
the Haftkme Institute, Bombay 


2 The antigen 

In the early pait of this work filtrates fiom several freshly made vaccines, 
trom imdiied nervous mattei, were employed as antigens and all gave poor reac- 
tions A filtrate from a caibolized ‘ ethei ’ vaccine being the safest to handle and 
easiest to keep was used the most It appeared to give a better reaction than every 
other vaccine until the factoi of age was consideicd and controlled Then the 
fact emerged that a vaccine as an antigen in a complement fixation reaction 
improved with age It was then decided to use only a thiee months old vaccine 
which incidently is discarded as time-expiied according to the custom of the 
anti-rabic chmes in India 

Filtrates from fresh vaccines (under a week old) give very poor reactions In 
all the samples so far tested the reaction has improved wuth the age of the vaccine 
A filtrate from a three weeks old vaccine gives as good a reaction as the filtrate 
from a three months old vaccine The upper limit of the reaction has not yet been 
deteimmed 

Rabbit-brain vaccines have been found to give much poorer reactions than 
sheep-brain vaccines 

The deposit-free fluid fiom a vaccine appears to be possessed of the same 
antigenic power whether it is removed by decantation, filtration or centrifugahza- 
tion Its degiee of opacity vanes Its anti-complementary power again is the 
same A filtrate from an L3 Candle is very poor in antigen 

A washed deposit fails to fix any complement regardless of the fact 
whether it is obtained from a freshly made vaccine or from a three months old 
vaccine It is not more anti-complemeutaiy than the deposit-free fluid and it 
does not interfere with the reading of the results The red cells m a mixture 
contaimng a resuspended deposit fall to the bottom of the tube much earlier 
than the deposit A positive reaction, if one occurred wuth the deposit, could 
not be missed 

A vaccine made according to Hindle’s (1929) process of makmg a vaccine foi 
yellow fever wms found to be very antf-complementaiy As a fresh vaccine it did 
not fix any complement at all 
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The antigen recommended by Maiic and Uibain (1929) was not tried nor was 
then technique Foi reasons of simplicity and safety of the antigen and 
familiarity with tlie Biitisli technique the antigen and the technique described 
were prefeiied 

3 The scope of seiological mclhods in detennining immunity 

With legaid to the active immunity induced in a subject, according to Topley 
and Wilson (1929) ‘ there is no doubt at all, from the geneial expeiience of immuno- 
logical woikeis that the coirelation between active immunization and the appear- 
ance of sensitizing anti-bodies in the blood is a high one iigain, ‘ in this connec- 
tion we may refer to Glenny’s studies m anti-to\ic immunity, since the principles 
mvolved are clearly applicable to immiimtv in geneial ’■ -f t + 4- 

Thus the immiimzed animal differs from its non-unmiine fellow, not only, nor 
chiefly, in the possession of circulating anti-toxin, but in an altered leactmty of 
the anti-body-produciug mechanism, in virtue of which it responds promptly and 
effectively to further stimuli ’ The lack of correlation between serological reac- 
tion and actual protection, when the lattei exists without the former, can thus be 
esplained 

With regard to the correlation between the anti-body titre of a particular 
sample of serum, as determined by serological methods, and its power to protect 
the situation is different The correlation, if any, must be established by a 
protection experiment Even a correlation between the titre and a definite neu- 
tralizing effect ai<ro may be \ery significant A difference in action in vitio 
and in viio may oiilj be due to a difference in concentration 

SUMMABY 

1 A techmque of complement fixation with an anti-iabic sheep serum has 
been described in details 

2 Preliminary observations on the immune body and the antigen have been 
made 

3 Comments on the scope of serological methods in determining immunity 
have been made 
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FILARIASIS IN TRIVANDRUM 


BY 

il 0 T IYENGAR, b a , f 7 s . 

Medical Enlomologist, Travancoie 
[Received for publication, September 24, 1932 ] 

An investigation into the incidence of filariasis in Trivandrum (South India) 
has recently been concluded and the findings are briefly reported in the present 
article 

Map 1 



Trivandrum, the capital city of Travancore State, Is situated on the western 
sea-coast of India and covers an area of 11 square miles A large part of the area 
J, MR { 921 ) 1 
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IS undulating, dotted ovei witli hillocks and traversed by valleys The area could 
be roughly divided into two legions, an elevated and undulating legion on the 
noith and east, and a flat low-lying one on the south and west, as can be seen 
from the contoui map of Tiivandium lieie lepioduced (Map 1) The general fall 
of land is from the noith-east to the south-west 



Map 2 



Trivandium is divided into six municipal waids Foit and Manacaucl aie 
two wards on the south , Chalai ward is situated on the east, Pufehenchandai and 
Vellayambalam on the north, and Pettah on the west Each of the six waids is 
again divided into smallei sections Port, Manacaud and Puthenchandai wards 
are split up into 3 sections each, while the remaining three waids are divided each 
into five sections Map 2 shows the 24 sections into which the municipal aiea is 
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divider] Tiiviiidrum lias a population of 96,000 Fort ward and the areas im- 
mediately adjoiniii" it ( oiistitute the most densel)’^ populated aieas 

To deteimme tlie incidence of filarial infection and of filaiial disease in the 
different sections of Tiivandium, blood films (thick films) weie taken fiom the 
icsiclent population ot Tiivanduun and any manifestations or histoiy of filarial 
disease weie noted at the same time The films were taken at night between 
9-30 p M and 12-30 v M and were stained and evammed for microfilariae on the 
follou ing dai A lecord was maintained of the results Over 31 000 persons 
weie examined in this senes and the lesults have been analysed to bring out the 
V 11 nations in the different sections of the town in regaid to {a) incidence of 
filaiial infection as evidenced by the piesence of microfilariae m peripheral blood 
at night, (h) incidence of filarial disease such as lymphangitis and elephantiasis, 
and (c) filaiial endeuiiciti The filaiial eiidemicity of an area is based on a 
combination of the tw'o data, the miciofilaria late and the filaiial disease rate, as 
eithei of these by itself would not give a leliable idea of the endemicity The 
incidence of infection with TFuc/ieieiirt bawtofii (a) does not entirety represent 
filaiial endemiciti as it excludes persons who, as a result of the onset of fi]aiia«is. 
have become negative for miciofilariaj The filarial morbidity rate (b) is also not 
a correct measme as it excludes peisons already infected with W baiicrofti who are 
likely to develop filariasis at a subsequent date A combination of the two 
factors — incidence of filarial infection and incidence of filarial disease — thus 
represents a more accurate measure of filarial endemicity 

Table I furnishes the details m regard to (a) the imcrofilaria late, (b) filarial 
disease rate, and (c) the filarial endemicitv figures, of the 24 sections of 
Trivandrum — 


Table I 


Sections 

1 

1 rs 

s 

i i 

y 1 

<y 

u 

a; 

rS 

s 

1 

'3 

^ 1 

Number positive for 
microfilaria} 

Miorofilana rate Jper 
cent 

Number with symptoms 
of filariasis 

Cl 

3 

a 

s 

p, 

1 

2 i 

s 

c 

_ea 

§ 

Number positive for 
miorofilarn} or for fila- 
rial disease or both 

Filanal endemicity rate 
Tier cent 

1 Fort I 

621 

96 

18 3 

1 

82 

156 5 

171 1 

32 6 

2 „ 11 

822 

134 

16 3 

68 

70 6 

190 1 

23 1 

'6 , Hi 

1 658 

98 

17 6 

53 


146 

i 26_2 

4 Manaoiud I 

1 1,436 

289 

201 

104 1 


3S0 

26 6 

^ y II 

416 

63 

151 



92 

09 1 

6 „ III 

1,335 

146 

1 

10 9 



195 

14 6 
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The chauces of finding microfilariae in filaiial subjects aie comparatively 
gieatei in the eaily stages of filaiial affections, such as mild lymphangitis cases, 
and as the duiation of the disease is longci and the affections become more 
chionic, there is a decreasing incidence of miciofilariae in the blood Among cases 
of elephantiasis of the limbs, the microfilaria rate was only 3 3 pei cent 

The data in legaid to the incidence of filaiial disease in the different sections of 
Tiivandiiim are fiiimshed in Table I Map 3 shows the variations in the intensity 



of filarial affections m the 24 sections of Tiivandrum Areas with a heavy 
incidence of filariasis are Foit I, Foit III, Manacaud I, Manacaud II and Fort II 
with filariasis rates of 166 6, 96 0, 72 5, 72 1, and 70 6 pei mille lespectively 
T e least affected areas aie Vellayambalam IV and V and Putheiichandai I aud 
th filarial disease lates lower than 8 pei mille 
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The distribution of filaiiasis in Tiivandium coiiesponds closely with the 
distribution of filaiial infection A comparison of Map 2 with Map 3 bungs out 
the close relation between the miciofilaria rate and the fiUiial disease late Areas 
with heavy infections have a high incidence of filaiial disease, and vice versa 
There is a high degree of positive coiielation between the niiriofilaria rate and the 
filaiiasis late which is lepiesented graphically in Chait 1 More accurately this 
coiielation is expressed by the foimula, i = -f- 0 8459 ± 0 0392 

CHABr 1 



(c) Filanal etidemtcUy 

The filarial endemicity figure, which is based on a combination of the micro- 
filaria rate and the filarial mamfestation rate, represents the incidence of persons 
positive for microfilariae or for filaiial diseases or for both The endemicity figures 
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of the different sections of Trivandrum are fiirmshed in the last column of Table I 
The distribution of filarial endemicity in the area is represented on Map 4 The 
central area has an endemic value of 25 pei cent and over , in the outlying areas 
the endemic figure is lower than 4 per cent 


Map 4 



Intensity op infection 

During the course of the examination of thick films foi miciofilari®, the number 
of microfilarias observed in positive films was also recorded In working out the 
average number of microfilaiice per positive film for each of the different sections 
of Trivandrum, some marked differences were observed in the average intensity of 
filarial infection Admittedly there is the possibility of error in these figures due 
to variations in the quantity of blood taken in making the thick smears But, 


M 0 T lijengm 


929 


although, the quantity of blood taken was not measured by pipettes, it was roughly 
standardized so that the film consisted of an appioximate size and thickness In 
view of the very large number of blood films taken in the same manner by the same 
persons, it is presumed that in working over a large series consisting in this instance 
of over 31,000 specimens, the error due to small vaiiations in the quantity of blood 
taken for the thick films may not be considerable With this admission let us 
discuss the results 

The respective microfilaria rates (per cent) and the intensity of infestation 
(average number of microfilariae per positive film) of the 24 sections of Trivandrum 
are furnished in Table II below — 


Table II 


Serial 

number 

Section 

1 

Incidence of 
filarial infeo 
tion (inicrofila 
na rate per 
cent) 

Intensity of 
infestation 
(average number 
of microfilanoB 
per positive film) 

1 

Fort I 

18 3 

124 0 

2 

II 

16 3 

46 7 

3 

.. Ill 

17 6 

62 6 

4 

Mauacaud T 

201 

90 7 

5 

II 

15 1 

62 8 

6 

HI 

10 9 

33 4 

7 

Chalai I 

10 2 

26 6 

S 

” ” 

14 4 

46 9 

9 

„ nr 

14 0 

68 6 

10 

„ IV 

11 6 

43 7 

11 

„ V 

14 3 

29 7 

12 

Puthenchandai I 

67 

25 1 

13 

, II 

14 0 

39 0 

14 

, in 

7 7 

32 6 

15 

Pettah I 

13 7 

37 2 

16 

„ n 

10 9 

43 5 

17 

„ in 

60 

27 6 

18 

IV 

28 

124 

19 

V 

11 1 

42 3 

20 

Vellayambalam I 

91 

138 4 

21 

„ n 

49 

^22 6 

22 

„ HI 

10 1 

315 

23 

IV 

60 

39 9 

24 

„ V 

23 

99 
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The correlatiou between the two obseivatious, namely microfilaria late and 
average infestation, is represented graphically m Chait 2 One observes 
heie a fair degree of positive conehition, the value of which is expressed by 
the formula, i = 0 7362 ± 0 0615 


Chart 2 



Microfilana rate 


Early appearance of filarial infection and of filariasis 

In this series of obseivatious, nncrofilaiiee have been observed in the peiipberal 
blood in seveial instances at veiy eaily ages The earliest age at which niicio- 
filarise weie observed was that of a child aged 2 yeais and 3 months with a count o 
187 miciofilariee in thick fibn Another instance has been lecoided of a child 
(2 years 4 months) with a miciofilaiia count of 3 But generally, it is 
uncommon to find positive cases below 4 yeais of age From the 4th year 
onwards, positive instances are less uncommon In the heavily infected areas 
of Trivandrum childien of six yeais and above have an infection late highei than 
10 pel cent. 
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Tn regard to filaiiasis, clinical symptoms of filariasis weie observed m a single 
instance as early as tlie 8tli yeai, in the case of a bo\ who had periodic attacks of 
lympliaugitib and whose blood was positne foi microfilarise Definite symptoms 
of elephintiasis weio observed in the case of a bov aged 11 years who had elephant- 
iasis of both legs From the 14th ycai and onwards, elephantiasis was observed 
more commonly Several boys and girls aged 14 had elephantiasis of the 
leg and one boy aged 16 was observed to have a scrotal aftectron besrdes 
elephantiasis of the leg 


Incidlnce or filarial infection and of filariasis in 

RELATION TO AGE 


The records of five of the more severely affected sections of Trivandrum (e g , 
Fort I, II, III, and Manacaud I and II) have been analysed to enable a compara- 
tive study of the incidence of filarial infection and of filariasis at different ages 
among the population of an endemic area The results are furmshed m 
Table III — 


Table III 


Scrinl numbers 

Age 

group 

Total 

examined 

Number 
poaitw e 
for micro 
iilariiB 

Per 

centage 

Number 

positive 

for 

filariasis 

Per 

centage 

Number 
positive 
for micro 
filaniB 
or for 
filariasis 
or both 

Per 

centage 

1 

1 lo 

1 

5 1 

74 

5 

1 

68 

1 

0 

1 

1 00 

1 

5 

1 

1 68 

2 

6 „ 

10 i 

303 

44 

14 5 

1 

03 

44 

14 6 

3 

.• 

15 

1 391 

57 

14 6 

11 

28 

66 

16 9 

4 

16 

20 

443 

68 

14 9 

15 

34 

81 

18 3 

5 

21 „ 

25 

470 

63 

13 4 

20 

43 

81 

17 2 

6 

26 „ 

30 

410 

78 

19 0 ■ 

40 

9 8 

117 

28 6 

7 

31 

35 

362 

71 

19 6 

30 

83 

98 

27 1 

8 

36 „ 

40 

349 

69 

19 8 

35 

10 0 

103 

29 5 

9 

41 

45 

277 

59 

21 3 

38 

13 7 

91 

32 8 

10 

46 „ 

50 

245 

57 

23 3 

42 

17 1 

95 

38 8 

11 

51 „ 

5 ) 

1S2 

33 

18 1 

34 

187 

62 

34 1 

12 

56 „ 

60 

148 

32 

21 6 

35 

23 7 

64 

43 2 

13 

Over 60 

135 

47 

34 8 

27 

20 0 

73 

54 1 

1 
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These results are represented graphically m Chart 3 — 

Chart 3 



r I The incidence of filarial infection is compaiatively low (6 8 pei cent) in tfi® 
first age gioup 1 to 5 years It uses to li 5 per cent in the next age group (6 to 10 
years) and remains practically at the same level during the succeeding three age 
groups In the 26 to 30 year gioup it rises to 19 0 per cent and from that point 
to the 56 to 60 year group it maintains nearly the same level In the last age group 
(61 years and above) it rises to 35 per cent 

The incidence of filariasis in the dilieient age groups is shown by a graph on 
the above chart (Chart 3) In the first two age gioups the incidence of filariasis is 
practically nil In the 11 to 15 yeai group it is 2 8 pei cent and it uses steadily 
in every succeedmg age group and reaches a high level (20 pei cent and over) m the 
last two groups 

The filarial endemicity figures of the different age groups are based on the 
percentage mcidence of persons that are positive for microfilaiise or positive for 
filariasis or for both This represents both the eaily stages in the infection in which 
clinical symptoms of filaiiasis are not apparent, as well as the later stages in which 
definite indications of filariasis occur This cuive shows a steady increase as the 




il/ 0 T lyengm 


933 


age advances and demonstrates clearly that the incidence of filarial endemicity is 
directly proportional to age and that it ri‘ies with the increase in the period of 
eaposiiro to infection 

These observations show that both filarial endemicity and the filariasis rate 
exhibit a steady increase in the increasing age groups , they vary directly with the 
period of exposure to infection On the other liand, the microfilaria rate is not 
steady in its inciease corresponding w ith the age groups For example, it remains 
practically constant from the six th group to the twelfth group (Table III) Although 
the microfilaria rate might be expected to use piopoitionately with the period of 
exposure, such a rise is not apparent This would appear to be due to the pheno- 
menon of disappearance of microfilariie m infected individuals consequent to the 
onset of filarial disease That seems to be the reason why, in spite of the steady 
increase observed m the filarial disease rate and the filarial endemicity rate m the 
highei age groups, the microfilaria rate remains moie or less constant 

Intekmediate host 

To determine the transmitter of filarial infection in Tnvandnmi, a large num- 
ber of mosquitoes collected from dwelling houses in different parts of the city were 
dissected and examined for filarial infection Over 5,600 specimens of different 
species were examined during the period October to December 1931, and the 
findings are furnished in Table IV — 

Table IV 


Results of mosqwto dissections 


Species 

Number 

esaramed 

Number 

positive 

Ouiex faligans Wied 

5,477 

1,128 

Oulex visAhui Th 

2S 

0 

Oulex gelidits Th 

^ 1 

0 

Cnlex sUiens Wied 


0 

Gulex bitxiiwrlii/ncAus Giles 

2 

0 

Lut’ia fuscanus Wied 

2 

0 

Armigeres dilurbana Walt 

25 

0 

Mansonia (J/ansoniotdes) annult/erus Th 

20 

1 

M (M ) umfornns Th 

2 

0 

Anopheles vagus Don I 

6 

0 

Anopheles suhpxctus Grassi , 

IS 

0 

inophelea barbirostria Wulp 

1 - 

0 

Anopheles culict/acies Giles 

1 

0 

dnopheles tessellatus Th 

1 

0 



934 


Filmiash in Tiivandnm. 


Only two species weie found naturally infected, namely C'nlea- faiigans and 
Mansoma {3Ia7isonioide’t) ayinuhfeuis The obsei rations on C^^l€X fattgans are 
based on a veiv laige numbei of examinations , developmental phases of 
TF banoofti, mature laivae or both were obseived in 1,128 specimens out of 5,477 
examined, woiking out to a gioss natmal infection rate of 20 3 per cent The 
observations on M awnihfnus aie based on a comparatively small nimiber of 
examinations Out of 20 specimens of this species examined, one was found infec 
ted The filaiia laivm found in the single infected specimen were in a veiy early 
stage of development , latei stages of development v eie not observed in this mos- 
quito Sufficient evidence is not at hand to show that M amnilifems plays a 
part in the transmission of the infection in Tuvandrum Judging from the niimeri 
cal prevalence of Cu/ea Jaligans and the high rate of infection obseived under natural 
conditions, it is evident that this species is the piime, if not the sole, agent concerned 
in the transmission of filaiial infection in Tiivanduim This is fuither demons- 
trated by the obsei ration that the extent of bleeding of Ciilex fatigam and the 
incidence of adult mosquitoes in dwellings aie lieaviest in aieas with high 
miciofilaria lates, and that aieas with a low incidence of adult Cnlex fatigans have 
low microfilaria lates 


Intensity of infection among CuJex faligans 

The natural infection rate among Culex fahgans varies considerably indifierent 
areas in Trivandium The lesults of the examination of Cxdex fatigans collected 
fiom dwelling houses m difieient sections of Tiivandium (Table V) show that the 
natural infection rate in Culex faligans beais a close lelatioii to the extent of infec- 
tion among the human population — 


Table V 


Sections 

1 

Number of 
Cvlex 

fahgans j 

examined 

Number fmmd 
infected j 

i 

Infection rate 
per cent 

1 

Port I 

300* 

81 

27 0 "’ 

11 

] 

00 

1 27 

1 

30 OJ 

in 

98 

43 

43 S 

Manacaud I 

1,600* 

329 

21 0 
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Table Y—concU 


Sections 

Number of 
Cnlex 
Jaligana 
csamincd 

Number found 
lufcotod 

Infection rate 
per cent 

Manacaud II 

! 

112 

14 

09 

, III 

1 

1 

lift 

24 

17 6 

Chalai I 


)9t 

!8 

19 7 

II 

1 

1S8 

42 

22 3 

. HI 


102 

25 

16 4 

, H 


200 

22 

10 6 

I 


->40* 

185 

34 3 

Puthenchaudai 

1 

143 

10 

13 3 


n 

156 

17 

10° 


III 

181 

30 i 

21 5 

Pettah I 


151 

47 

31 1 

II 


239 I 

41 

17 2 

, HI 


101 

5 

60 

IV 


120 

12 

100 

„ V 


178 

32 

18 0 

Vellayanibalam 

I 

in 

15 

10 5 


n 

108 

15 

13 9 

f* 

ni 

189 

34 

18 0 

H 

IV 

105 

17 

16 2 

t 

V 

105 

5 

48 

Totals 

1 

5,477 

1,128 

20 6 


* This work of tke examination of the mosquitoes lyas earned out m greater detail m 
three sections. Fort I, Manacaud 1 and Chalai V which are represented by a larger number of 
observations 


A comparison of the mosquito infection rates (Table V) -with the microfilaria 
lates of the respective sections (Table I) brings out this relation In areas with 



936 


Fzlanaszs in Trivandrum 


high microfilaiia rates, the infection rate among Culex faligans is high and vice 
versa The positive correlation between the mosquito infection and human infec- 
tion 13 shown graphically in Chait 4 and expressed by the formula, r = -f 0 5948 
± 0 0888 These results are what one would naturally expect, namely, that the 

Chart 4 



incidence of carriers among the human population 

Summary 

1 Microfilariae observed in man m Trivandrum are those of W banci'ojti 
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2 Tlio gross microfilaria rate of Trivandrum is 10 5 per cent The flat low- 
lying area in the centre of the city has microfilaria rates of 15 to 20 per cent The 
outskirts of the city have low infection rates 

3 A combination of the miciofilaria rate and the filarial morbidity rate 
IS a better measure of filarial endemicity than either of the two data by 
themselves 

4 The gross filarial morbidity late is 33 1 per mille The central areas of 
Trivandrum have liigh filariasis rates (over 70 per mille) The incidence of 
filariasis in the outlying areas is comparatively low Elephantiasis of the 
limbs IS the most common affection and constitutes 53 per cent of the filarial 
affections 

5 There is a high degree of positive correlation between the microfilaria rates 
and the filarial morbidity rates Areas with a high microfilaria rate have a high 
mcidence of filariasis, and vice versa 

6 The chances of finding miciofilarise in filarial subjects vary inversely as the 
duration and seventy of the affection Microfilarise are comparatively more 
frequent m early stages of filarial disease, such as lymphangitis, than m later stages, 
such as elephantiasis of the leg 

7 The earliest age for the presence of microfilarise m peripheral blood as 
observed in Trivandrum is years, for the occurrence of lymphangitis 8 years 
and foil elephantiasis of the leg 11 years 

8 There is a fair degree of positive correlation between the microfilaria 
rate and the average infestation (average number of microfilariae per positive 
film) 

9 Eilariasis rate and filarial endemicity rate vary directly with age The 
microfilaria rate also shows a rise with age but, after the 25th year, it is nearly at 
the game level 

10 Gulex fatigans is the transmitter of the infection in Trivandrum The 
natural infection rate in Gulex fahgans varies in the different sections of 
Trivandrum and bears a close relation to the extent of infection among the human 
population 
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Introductory 

It is evident from the literature that the incidence of the inflammatory and 
calculous diseases of the biliary system is very common in Occidentals, while Morse 
(1927) remarked that it is not a prevalent disease in Orientals Indians are, by no 
means, immune to the disease Owing to the lack of statistical reports no definite 
inference could be drawn as regards its incidence, but it seems to be not infrequent 
in Indians Females suffer from this ailment at least three times more than the 
males in the western countries, and it is difficult to assign any one cause for such sex 
disproportion There is no such sex disproportion m the incidence of gall-bladder 
diseases in Indians , here both sexes seem to be equally subject to cholecystitis 
and gaU-stones (Ghose, 1931) 

If the signs and symptoms of gall-bladder diseases be prominent in a sufferer, 
no difficulty arises in diagnosing the condition But the diagnosis of a case of 
diseased gall-bladder may become very difficult indeed, if the patient complain of 
nothing else except an intractable dyspepsia, which is also a symptom of various 
organic lesions of the visceral organs, or of some mechanical interference in the 
passage of the fseces In spite of the clinical features of such a case not clearly 
mdicating any of the common diseases of the gall-bladder, m spite of the various 
available clinical and radiological methods of diagnosis having been exhausted 
without any successful results m the diagnosis of gall-bladder disease, and in spite 
of a gall-bladder appearmg normal to the naked eye and feel at an exploratory 
laparotomy, a few cases turn out to be a curious pathological condition of the 

( 939 ) 
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gall-bladdci which gives use to vagiie visceral sensations and abdomiDal 
discomforts This disease of the gall-bladder has recently been named 
‘ cholesterosis ’ of the gall-bladder, and is now coming into piominence as a 
clinical entity by itself in the siugical diseases of the biliary system It is nov 
claimed that such a pathological condition is found m about one-fifth of all types 
of diseased gall-bladders removed at opeiatiou (Illingworth, 1930) 

Historical 

Moynihan (1909) fiist described yellowish spots, like sand or grit, on the mucous 
membrane of the gall-bladdei, and called attention to the presence of cholesterol 
crystals in the bile m such a case MacCarty (1910) was the first to give this condi- 
tion the name of ‘ strawberry ’ gall-bladdei, from the resemblance which the tmy 
yellow specks, scatteied over a leddish background, bore to a iipe strawberry He 
also recognized that the yellow deposits were lipoid in natme, because they stamed 
red with Sohailach R Lichtwitz (1914) described the condition in detail and 
emphasized the fact that it was a not infrequent finding at operation He was 
probably the first to make the observation that the lipoid-like deposits were choles- 
terol 

Boyd (1923) suggested the term ‘ bpoid ’ gall-bladder, which would mclnde 
both the localized and generalized infiltration of lipoid in the gall-bladder, that 
may not be visible to the naked eye He confirmed the opinion of Lichtwitz and 
demonstrated by histological and chemical methods that the lipoid-hke deposits 
were esters of cholesterol He supported the theory of the absorption of cholesterol 
by the gall-bladder, as suggested by Aschofl; (1906), and belreved that a disturbance 
m this absorptive function could explam the extensive cholesterol deposits in the 
organ 

Mentzer (1925) lecogmzed the ‘ patchy ' and ‘ diffuse ’ types of Iipoid infiltration 
of the gall-bladder, and named them ‘ cholesterosis ’ of the gall-bladder He also 
believed that the mucosa of the gall-bladder absorbs cholesterol lUuigworth 
(1930) also accepted this view and added further knowledge, by clinical and experi- 
mental studies, to the oetiology of cholesterosis of the gall-bladder 

The recent studies of Elman and Graham (1932) on the function of the 
gall-bladder give a probable explanation of cholesterosis of the gaU-bladder 
They have brought forward evidence, by experiments on dogs, which show 
that the gall-bladder excretes (rather than absorbs) cholesterol, particularly 
in the presence of inflammation 

Clinical significance 

The reports by Moymhan (1909), MacCarty (1910), and Lichtwitz (1914) of 
cases necessitating cholecystectomy, m which the gall-bladder showed no gross 
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inflammatory lesions oi stones m it, point to the fact that cholesterosis of the gall- 
bladder IS capable of giving rise to symptoms which may be a constant sonrce of 
trouble to the patient For a time its clinical significance was overlooked, and it 
may be that many such gall-bladdcis, which seem quite normal from their external 
appearances, were not tackled by the surgeon operating in the region of the gall- 
bladder 

In 1923, Boyd quoted cases in the support of the view that cholesterosis does 
give rise to symptoms and Illingworth (1930) seems to have confirmed this In 
cholesterosis of the gaU-bladdei, an individual usually complains of mild pain and 
drawing sensations in the epigastriiun There is no periodicity of the sensations 
of abdominal discomfort , there is no eructation of acid or of gas There may be 
nausea , and the loss of appetite may be progressive m nature, so that the patient 
loses weight Although the patient prefers to have a fluid diet or semi-solid food, 
yet there is not much relief of the abdominal discomfort and painful sensations in 
the epigastrium on this restricted diet The pam may be in the right hypochon- 
drium, constant and distressing m chaiactei, but is by no means of the colicky 
nature, which would suggest the passage of a biliary calculi The absence of 
temperature and jaundice is an important climcal symptom 

In this condition various diagnostic measures, such as, Leyon-Mentzer’s 
duodenal intubation after magnesium-sulphate msuffiation, exammation by various 
hepatic efficiency tests, blood exammation for leucocytic counts and X-rays, do 
not help much, i e , their negative results are not of much significance It will be 
shown later that cholesteiol estimation of the blood may be of some utility m the 
diagnosis of this condition 

There were 5 cases of cholesterosis of the gall-bladder and the above-mentioned 
clmical symptoms have been detailed by analysis of the signs and symptoms 
present m those cases There were 19 cases of diseased gall-bladder, which were 
operated upon , out of these, 14 cases showed gross inflammatory lesions with or 
without gall-stones Therefore we find that in about one-fourth of these cases 
the external appearance of the gall-bladder is normal, while the organ as a whole 
is diseased, so that it is no longer capable of carrying on its normal function 

Morbid anatomy 

The strawberry gall-bladder presents externally a more or less normal appear- 
ance, but the picture is very interestmg when the gall-bladder is opened and an 
examination of the mternal coat is made The normal appearance of the folds of 
the mucosa is altered , m marked cases dense yellow masses may be seen on a 
reddish background 

The use of a dissecting microscope is of the greatest value m the study of this 
condition The slender and delicate gossamer folds of the mucosa are seen to be 
loaded with the densq and opaque hpoid material in ‘ strawberry ’ gall-bladder 
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In the mild cases the deposits are present here and there in the folds of the mucosa, 
while in the severe cases the distribution is widespread The opaque material is 
geneially seen in the summit of the ridges and sometimes it can also be traced doivn 
into the lecesses formed between the deep folds of the mucosa Out of 19 gall- 
bladders examined, 5 presented this pictuie in various degrees, and m one case 
there was a definite thickening at the fundus and a mass of tissue was embedded 
in the mucosa This was the so-called adenoma of the gall-bladder, probably in 
its early stage 

The fundus is geneially found to be more thickened than the neck of the gall- 
bladder The iidges at the fundus are usually low, thick and abnormal m appear- 
ance, while the ridges of the mucosa at the neck of the gall-bladdci may look normal 
with slight opacity here and theie 

The presence of biliary calculi is not infiequent in cholesterosis Illingworth 
(1930) found gall-stones in nearly half of the cases in his series, and he mentioned 
that the stones either solitary or multiple weie composed of pure or almost pure 
cholesterol Thus, a relationship between the deposit of cholesterol in the mucous 
membiane and the formation of cholesterol stones was clearly demonstrated 

Histology 

The minute anatomy of the diseased gall-bladdei was studied by cutting 
sections, embedded in paraffin For the demonstration of lipoid, the sections were 
piimaiily treated with potassium bichromate solution and fixed in foimol The 
staining was done with Schailach R, Sudan III, and Lorrain-Smith’s File-blue- 
sulphate methods 

In this condition there were signs of inflammation in 4 out of 5 gall-bladders 
in which the wall of the gall-bladdei w'as slightly thickened due to fibrosis The 
villi of the mucosa presented a frond-like appearance and were loaded wnth hpoid, 
which was mostly seen in the epithelium of the surface and the stioma of the vilb 
01 in both Such pi ejections of the villi suggest two phenomena — either the mucous 
membiane by its supposed absorptive function has absorbed as much cholesterol 
as possible from the bile saturated with cholesterol (Illingworth, 1930), or the 
mucosa is simply loaded with lipoid which has accumulated theie owing to defect 
in its probable excretory function which may have been brought about by the 
inflammation of the organ (Elman and Graham, 1932) 

The substance of the mucous membrane, containing loose connective tissue 
and a large number of mononuclear cells due to mild inflammation, was found to 
be filled with lipoid, which gave it a granular appearance 

The capillaries of the villi w^ere not found to contain lipoid, but Boyd (1923) 
found the blood vessels of the muscle coat contained cholesterol, which he thought 
to be evidence, which, although not conclusive, was nevertheless suggestive of the 
possibility that the lipoid is absorbed into the blood vessels 
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The hpoid was also seen m the fibio-muscular coat, but not so abundantly as 
in the mucosa The young fibro-blastic cells weie often found loaded with granules, 
but the lipoid could be seen extia-cellularly as well It may be granular in form or 
as narrow streaks, which suggests that the lipoid is confined within the tissue spaces 
or lymphatics 

The sub-serous layer was not free fiom the lipoid deposits , they weie found 
in large number in one case, in which the crystals of cholesterol could be demons- 
trated in the musculai and snb-seious layers of the gall-bladdei 

To summarize the observations on the distribution of the lipoid , it is most 
common in the mucosa, but may also be present in the deeper layers , it is generally 
found m gianular form as cholesteryl-esteis, but may be present in crystalline 
form as well 

Pathogenesis 

An explanation of the extensive deposits of cholesterol in the gall-bladdei was 
given by Boyd (1923) These he thought were due to the defective absorption 
of cholesterol by the mucous membrane of the gall-bladder This theory of 
the absorptive function of the mucosa was first given bv Aschoff (1906), and 
later on was supported by Mentzer (1925) and Illingworth (1930) 

Most of the workers observed that theie is always some inflammatory signs in 
the gall-bladder m this condition Illingworth (1930) further added that infection 
IS essential for the production of cholesterosis of the gall-bladder, because with 
hyper-cholestrsemia alone deposits of cholesterol in the gall-bladder were in minute 
traces only, while it was shown by him, experimentally, that intramural infection 
of the gall-bladder in rabbits on a diet high in fat could produce ‘ straw beirv ’ 
gall-bladder Chiray and Pavel (1927), Lecene and Moulonguet (1926) and others 
regard the inflammation of the gall-bladder as the cause of cholesterosis Gosset 
et al (1921) and Mentzer (1926), however, have noticed the absence of infection in 
cholesterosis of the gall-bladder Blaisdell and Chandler (1927) have, experi- 
mentally, upheld the view that hyper-cholestrsemia alone may cause such choles- 
terosis, because they have shown that in rabbits a prolonged course of feeding with 
cholesterol leads to deposits of this substance in the gall-bladder Dewey (1916) 
also found deposits of lipoid in the gall-bladder after long continued injections of 
cholesterol Stewart (1915 , 1924), like many others, has regarded cholesterosis 
as a result of hyper-cholestraemia 

It was for the purpose of determining the correlation of hyper-cholestraimia 
and infection in cholesterosis of the gall-bladder that these clinical and experiinental 
studies were undertaken 

(A) Ghmcal studies in Jiitman subjects 

The cholesteiol content of the blood was estimated by the method of Bloor 
(1916) For the estimation of cholesterol in the bile, 2 c c of bile was dried in 5 g 
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plaster of Pans and an alcohol-ethei extiact was made winch was evaporated to 
dryness and the residue then dissolved in chloroform , the Leibeimann-Bnrcliaid 
reaction was used for the colorimetric estimation The cholesterol content of tk 
gall-bladder was estimated by the recent method of Osato and Heki (193Q) 

Table I shows that the cholesterol content of the blood and bile is increased to 
some extent in cholesterosis but the increase of the lipoid in the gall-bladder is 
enormous The crystals of cholesterol were also found in most of these cases 

Table I 


Gholestewl content of the blood, bile and gall-bladdei in the human subjects 


Cose 

number 

Blood 
cholesterol 
mg per cent 

Bile 

cholesterol 
mg per cent 

Gall-bladder 
cholesterol 
g per cent 

Conchtion of the gall bladder 

25 

260 

605 

20 527 

Strawberry gall-bladder, crystals of 
cholesterol present m the bile, 
also signs of inflammation 

24 

246 

355 

13 490 

Do 

1 

9 

220 

474 

16 230 

Do 

4 

2S0 

550 

5 750 

Do 

IS 

210 

670 

8 620 

Strawberry gall bladder , no signs 
of mflammation present 

2 

235 ; 

1 

440 

0 650 

Sub acute inflammation on a fibroid 
gall bladder containing stones 

16 

J32 i 

465 

0 760 

Do 

21 

280 

320 

0 640 

Fibroid gall bladder containing stones 


1 

ISO 

300 

2 640 

Maximum noimal values 


The signs of inflammation were present in all the cases save one The results 
of culture of the bile and the sub-mucous coat of the gall-bladder were positive in 
3 out of 5 specimens of bile and in 1 out of 5 cultures of the gall-bladder , Bacillus 
coll was the common organism found 

(B) Expel imental studies in labbits 

The rabbits were divided into three groups Those of Group 1 received 200 
mg of cholesterol daily — half the number by oral administration for 12 weeks and 
half by intra-peritoneal . actions of 200 mg of cholesterol in 5 c c of ohve oil for a 
period of 4 weeks To the rabbits of Group 2 cholesterol (200 mg daily) was given 
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orally and mfectiou waa produced by infciavenous injections of B coh The 
animals of Group 3 received si\ weekly injections of B co/i' by the intravenous 
route 

The results of the expeiiments are given in Tables II, III and IV The 
cholesterol content of the blood and gall-bJaddei in the rabbits of Group 1 (Table 
II), in which hypcr-cholestiiEmia was produced, was found to be increased The 
values were higher than those obtained in the rabbits of Groups 2 and 3 The 
picture of the mucosa of the gall-bladder of the rabbits belonging to Group 1 showed, 
more or less, the same characteristic pathological changes (under dissecting micro- 
scope) as IS seen in cholesterosis of the gall-bladder in human subject 


Table II 

Cholesterol content of the blood and gall-bladder m rabbits afiei the f reduction of 

h gper-cholesireemm 


Rabbit 

number 

Blood 
cholesterol 
mg per cent 

Gall bladder 
cholesterol 
mg per cent 

Condition of the gall bladder 

11 

140 

660 

Gall bladder full of thick mucoid 
bde -with masses of fats and 
debns , no signs of inflammation 

1 present 

14 

ISO 

610 

1 

-Do 

1 

15 

140 

600 

Do 

16 

132 

660 

Do 

17 

142 

640 

Do 

27 

163 

360 

Do 

28 

160 

400 

Do 

31 

200 

436 

Slight inflammatory changes present 


The average value of blood cholesterol in rabbit was found to be 78 mg per cent 
The average value of cholesterol in the gall-bladder of rabbit was found 300 mg 
per 100 g The maximum value was 357 and the minimum was 220 
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Table III 


Cholesterol content of the blood and gall-bladdei m rabbits after hyper- 
cholestrcBima [by oral adnnrmtr alron of cholesterol), and infection 
{by 'intravenous injections of B coh) 


Rabbit 

number 

1 

Blood I 

cholesterol j 
mg per cent 

Gall bladder 
cholesterol , 
mg per cent 

Condition of the gall bladder 

36 

102 

320 

Signs of inflammation present and 
debris in the bile 

43 

204 

650 

Bile was thick, mucoid, eontainmg 
masses of fats 

41 

210 

474 

Bile was thick, mucoid, containing 
crjstals of cholesterol Signs of 
inflammation present 

37 

108 

325 

1 

I Bile was thick, mucoid, crystals of 
cholesterol present , moderate m 
flammatory changes 


Table IV 

Cholesterol content of the blood and gall-bladder in rabbits after infection {by 
intravenous injections of B coli isolated from a human gall-bladder suffering 

from chronic cholecystitis) 


Rabbit 

number 

Blood 
cholesterol 
mg per cent 

Gall bladder 
cholesterol 
mg per cent 

Condition of the gall bladder 

70 i 

72 

250 

Gall bladder full of thick bile 
Early signs of inflammation 
present 

77 i 

1 

1 

70 

1 

1 

320 

Gall bladder shrunken and contamed 
crystals of cholesterol Signs of 
inflammation present 

79 

68 

310 

Gall bladder contains thin greenish 
bile Signs of inflammation 

present 

80 

70 

325 

i 

Gall-bladder contains thin bile with 
debris of greemsh colour Signs 
of inflammation present 
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There was also a slight increase in the cholesterol content of the blood and 
gall-bladder in the rabbits of Group 2, while the quantity in Group 3 showed no 
such increase In fact, the gall-bladders of the labbits of Group 2, closely resembled 
in then pathological appearance the diseased gall-bladders seen in human subjects, 
while the gall-bladders of the rabbits of Gioup 3 (Table IV) bore no evidence of 
cholesterosis 

The results show that hyper-cholestriemia is an essential factoi in the produc- 
tion of this condition The infection of the gall-bladder seems to hasten the 
process, as noticed in the rabbits of Gioup 2, probably by interfering with normal 
functions of the gall-bladder so resulting in the accumulation of lipoid m the 
wall of the organ 

Discussion 

It IS difficult to explain the development of cholesterosis of the gall-bladder on 
the theory of absorption of cholesterol by the mucosa of the gall-bladder, as sug- 
gested by Aschoff (1906) and supported by Boyd (1923), Mentzer (1925), and 
Illmgworth (1930) The lymphatics are supposed to be the pathway of absorption 
of the gall-bladder and the inflammation is supposed to act to produce lymphatic 
obstruction m the process of cholesterosis This theory of lymphatic obstruction 
13 probably not true, firstly, because "Winkenwerdei (1930) has shown, experiment- 
ally, that the blood vessels and not the lymphatics are the most common pathway 
of absorption from the gall-bladder, and secondly, Elman and Graham (1932) 
mention that Gopher and others were not successful in producing cholesterosis of 
the gall-bladder by obstructing the lymphatics 

Elman and Graham (1932) and Andrews el al (1931) have found that, after 
ligation of the cystic duct, there is an increase in the amount of cholesterol in the 
bile and in the gall-bladder, which suggests that the gall-bladder excretes (rather 
than absorbs) cholesterol As there were signs of inflammation in most of the 
gall-bladders examined by them, Elman and Graham concluded that the presence 
of inflammation accelerates the process 

Treatment 

The treatment of cholesterosis would be a simple affair for a surgeon, if he did 
not tell the patient or his relatives that the patient was suffering from gall-stones 
He should rather be given to understand that he is suffering fiom disease of the 
gall-bladder When the disease is in the gall-bladder, it is not enough to remove 
the results of that condition, whether concretions or infected bile, but the disease 
itself must be treated Drainage of the gall-bladder will not cure the disease nor 
will it relieve the symptoms peiananently Cholecystectomy, therefore, should 
be the treatment of all surgical diseases of the gall-bladder 
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Cholecystectomy is perfoimed as a primary piocedure and in two stages In 
this condition wheie there is no operative risk, a primary operation is desirable 
That the surgeons of the King George’s Hospital prefer to perform the primary 
opeiation, with or without drainmg the common bile-duct, in this condition, can be 
judged from the fact that out of 19 cholecystectomies 17 operations were of a 
primary pioceduie Theie were 5 cases of cholesteiosis of the gall-bladder and the 
remaimng cases weie of cholecystitis and gall-stones The mortality of the opera 
tion was ml 

The outlook on the problem of the treatment of the diseased gall-bladder has 
changed It was formerly the custom to remove the gall-bladder, only if the sur- 
geon considered that a gross pathological change had occmiedm the organ which 
would render its normal function impossible, and this decision may have been 
arrived at only by external examination of the viscus It is now accepted and well 
appreciated that even if there be no gross inflammatory changes, which is usually 
evident from the external appearance, there may be crystals of cholesterol or 
tmy calcuh embedded in the mucous membrane of the gall-bladder, or there 
may be a local thickening of the gall-bladder the so-called ‘ adenoma ’, not 
infrequently giving rise to attacks of pain and the usual secondary dyspepsia 
Therefore nothmg short of removal of the diseased gall-bladder would suffice 
in any of these conditions 


Summary and conclusions 

1 Cholesterosis of the gall-bladder is found in about one-fourth of the total 
number of gall-bladder diseases It gives rise to clinical symptoms which can 
only be got rid of by the removal of the diseased organ 

2 The morbid anatomy and the histology of this condition is described 
The presence of lipoid in the various coats of the gall-bladder was demonstrated by 
bpoid stains and is an interesting feature of cholesterosis of the gall-bladder 
Inflammatory changes are also present m most of the cases 

3 There is a definite rise in the cholesterol content of the blood, bile, and 
gall-bladder in this condition, and therefore, a blood cholesterol estimation, as a 
routme method prior to the operation, is of some diagnostic importance 

4 Hyper-cholestrsemia, produced by prolonged feedmg of rabbits with pure 
cholesterol and by intia-peritoneal mjections of cholesterol, is capable of giving 
rise to the condition of cholesterosis of the gall-bladder 

5 I n fl amm ation of the gall-bladder, when associated with a hypercholes- 
trsemic condition, seems to hasten the disease 

6 Cholesterosis of the gall-bladder could not be produced by the infection of 
the gall-bladder alone, i e , without bemg associated with hyper-cholestrasimn 
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lu conclusion, I wisli to express my inclcbterlness to those who have made this 
research possible — to Professor R N Bhatia foi the guidance in the work, to 
Doctor K S Nigam for the facilities affoided me in studying the clinical side of the 
subject and to Captain J G Mulvcrjee foi much valuable help in the pathological 
work The cost of the research was defiaved fioin Captain Kunwar Indrajit Smgh 
Research Fund 
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Introduction 

Baoteeial infection has been found to be associated with the production of 
gall-stouea and various types of inflammation of the gall-bladdei Staphylococci, 
pyogenes and aureua, B coh, B typhosus, streptococci and B welcJm are the most 
frequent organisms found m the gall-bladder infection In chronic cholecystitis, 
Hartman (1903), Drennan (1922), Johnson (1925), Hurst (1926) and Williams and 
McLachlan (1930) found B coh to be the most fiequent organism responsible for 
the disease, while Rosenou (1914), Ilhngworth (1927) and Willn (1928) laid stress 
on the role of streptococci m producing intramural infldmmation of the gall- 
bladder 

In view of the role played by the micro-organisms in the inflammatory and 
calculous diseases of the gall-bladder, a study on the bacteriology of human gall- 
bladdei and an experimental study in rabbits was undertaken, which would 
throw light on the aetiology of cholecystitis and production of gall-stones 

Clinical investigations 

The gall-bladders and stones after removal were taken to the laboratory, covered 
in sterile gauze in a sterile bottle and the samples of bile were taken in sterile test- 
tubes A piece of the entire gall-bladder was washed in saline and cultured Eor 
the culture of the submucosa, the outer layer and the mucous membrane was 
peeled ofi, and it was washed in sterile saline and cultured in (i) blood-agar, 
(^^) glucose broth, and (^^^) litmus milk and was incubated aerobically and 
anaerobically About 0 6 c c of bile was emplanted on to culture tubes as 
mentioned above The isolation of the orgamsms was done by re-rmplantation 
on Condradi’s plates and tested by sugar reactions Motility of the orgamsms was 

( 951 ) 
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noted and smeais were examined after staining by Gram’s method The stones 
were washed very well in running tap-watei for about 2 to 3 hours and then 
kept in 5 per cent carbolic saline for about an hour and in absolute alcohol 
for a few minutes The excess of the alcohol ivas burnt ofi and the stone was 
placed in a blood-agar tube to see if any growth took place after aerobic and 
anaerobic mcubation If there was no growth, the stone was broken and a piece 
was taken from its centre and was cultured as described 

The bacteriological examination was made in 24 cases The results of the 
investigation are given in Table I The bile was infected in 64 per cent of cases and 
was sterile in 36 per cent The organisms isolated were B coh in 75 per cent, and 
streptococci in 12 5 per cent , and 20 per cent of the total infection was of mixed 
type — the organisms being B coh, streptococci, staphylococci and other intestinal 
bacteria 

When the entire gall-bladdei (all coats) was cultured the results were positive 
in 63 6 per cent in this senes and the culture of the submucous layer was positive m 
54 5 per cent B coh was present in majority of cases (about 83 per cent), while 
streptococci was found in 25 per cent and staphylococci in 33 3 per cent of the total 
infections Out of 7 stones cultured, 3 stones were infected and 4 were sterile , in 2 
specimens there was pure culture of B coh and in one staphylococci 


Table I 

Culture of the fluid-content of the gall-bladdei , the wall of the gall-hladdet and 

gall-stones 


Tissues 

Number 
of cases 

Infected 

Sterile 

Orgamsms 

Bile 

26 

16 

9 

10 B coh, 2 streptococci, 4 
B coh and staphylococci and 
other orgamsms 

Gall bladder (all coats) 

22 

14 

8 

8 B coh, 2 streptococci, 1 
B coh and streptococci and 
other organisms 3 

Gall-bladder (submucosa) 

22 

12 


9 B coh, 2 streptococci, 1 B colt 
and streptococci and other 
orgamsms 2 

Stoaes 

7 

3 

I 

4 

2 B coh, staphylococci 1 


The results obtained are in accordance with that of Blalock (1924), Fiiesleben 
(1928), Hartmann (1903), and Williams and McLachlan (1929) It is contraiy to 
the results obtained by Eosenow (1916), Illingworth (1927) and Judd et al (1927) 
Wilki (1928) found the gall-bladder infected in 6 and sterile in 44 in a senes of 50 
cases He, however, found 45 positive cultures in 50 cases when he cultured the 
cystic gland He found that the frequent organism was a streptococcus 
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The infection of the bile and ot tlie gall-bladder was found in equal percentage 
which IS about G1 per cent No evidence is found that one oi the other coat of the 
gall-bladder is more pi one to infection 

The coliform bacilli aie the most frequent oicranism found in the bile and in 
the wall of the gall-bladder All the colifoim bacilli isolated were as a routine 
method inoculated into tubes of glucose, saccharose, lactose, dulcite, mannite and 
litmus milk in order to see the reaction and fermentation They usually showed 
the leactions of ‘ typical B coli \ except m two cases where lactose fermentation 
failed to occur, an acid reaction took place with saccharose, and the identity of the 
organism was established as ‘ atypical B coh ' This is in confirmation of the 
experience of Illingworth (1927) Besides B coh, stieptococci and staphylococci, 
other intestinal 01 ganisms, such as B entencus caslellani, lactic acid bacillus and 
B caiolinus cnstellani, were also found in the cultures 


Frequency and T'iPE or infection in various stages of cholecystitis 


Illingworth (1927) clasbified the afl'ections of the gall-bladder into foui groups, 
which was ariived at by the naked-eye appearances of the gall-bladder Such 
classification of the gall-bladder diseases was followed, and results are shown in 
Table II — 

Table II 


Location of infection in laitous tyjpes of cholecystitis 


1 

Group 

1 

Number of 
cases 

Wall infected 

Content m 
fected 

1 

Acute cholecystitis 

2 

2 

2 

2 

Chrome cholecystCis 

10 I 

7 

9 


With stones 1 

8 

0 

7 


Without stones 

2 

1 

2 

j 

Early cholecystitis (chronic) 

4 

2 

2 


With stones 

2 

2 

2 


Without stones 

2 



4 

Cholesterosis 1 

1 

6 

1 1 

j 


In acute cholecystitis the content and the submucous la 3 '-ei of the gall-bladder 
were infected by the cobform bacilli Stones were present m one case In chronic 
cholecystitis stones were present eight times and were absent in two B coh oc- 
curied in the bile in seven cases , in the wall, in pure culture in foui and along with 
streptococci and other orgamsms in one , streptococci were present in two cases 
Growth of B coh was found in the bile and in the wall of the gall-bladder — in 
two out of four cases of early cholecystitis Stones were present m two cases In 
cholesterosis of the gall-bladder the bile was infected by the coliform bacilh 
three times and the wall of the gall-bladder once 
J, MR 


3 
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Experimental production of cholecystitis hy injections of 
Bacillus coll ISOLATED PROM HUMAN O^VLL-BLADDEB 
Infection of the gall-bladder ivas pioduced m albino labbits by repeated in- 
jections of B coh by the intiavenous loute Bacillus coli, which was isolated from 
the human gall-bladder, was cultured and made into an emulsion m saline About 
150 millions mice was injected in tlie eai vein of labbits , six such weekly 
injections were given The cholesteiol content of the blood was examined at the 
interval of two weeks before, duiing and aftei the course of the injections The 
animals weie killed and the gall-bladdei was ex'amined at vaiious stages of the 
infection The maximum period that the labbits weie kept under obseivation 
was 20 weeks In the present woik no attempt was made to obviate the possibility 
of a lymphatic spiead of infection fiom the piimai v aflection of the liver (mentioned 
by Graham, 1922), because Wilki (1929) has, expeiimentally, shown that after 
repeated venous injections of micio-oiganisms, the gall-bladder is infected through 
the cystic aitery 

Results — The lesults of the expeiiments are shoivn m Table III In fom 
rabbits no inflammatoiy changes could be found aftei the fiist injection (labbits 
89 and 90) and second injections (labbits 81 and 82) The labbits (77, 79 and 80) 
which received thiee injections and othei two (73 and 74) which received two injec- 
tions suffered fiom mild type of cholecystitis — eaily signs of inflammation was found 


Table III 

Condition of the gall-bladdei of labbits dunng the couise of injections of 
B coll thiough the intiavenous loute 


Rabbit 

number 

Culture of bile 

Condition of the gall bladder 

70 

Positive £ coh 

Bile Mas dull greenish in colour, semi solid 



in consistencv Signs of inflammation 



present 

71 

Positive B coh 

Do 

72 


Do 

73 


Bile greenish, thin and watery No concre 


1 

tioiis, but a fcM^ epithelial cells present 

74 

Positive B coh 

Early signs of inflammation present 

Do 

79 


Do 

80 


Do 

77 


Gall bladder shrunken and contained a 



few crystals of cholesterol Early signs 



of inflammation present 

81 


No abnorma]it\ m the bile or in the gall 



bladder 

82 


Do 

89 


Do 

90 


Do 
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in the gall-blnclder In ot/ier rabbits (70, 71 and 72) there weie signs of sub-acute 
mflainniation in the gall-bladder and the bile was not noimal in appeaiance , there 
were greenish masses of semi-solid consistency, and mucous epithelium was also 
piesent in the bile in large numbers 

Twelve rabbits were kept undei obsezvation foi about 14 to 16 weeks after 
the coiuse of injections, and then tliey weie killed foi the examination of the condi- 
tion of the gall-bladder The results aie shown in Table IV In two rabbits (85 
and 86) no abnormality was found m the gall-bladder , m another two (83 and 84) 
the bile was noimal but the thickness of the wall of tlie gall-bladder and the projec- 
tions of the villi of the mucosa were slightly abiioimal The gall-bladdei of the 
rabbits (69 and 78) was filled witli greenish masses — the so-called ‘ mud — and 
there were areas of cellular infiltration in the wall of the gall-bladder By the end 
of 12 weeks tin ee rabbits (87, 88 and 68) were found to be ill , pyemic abscesses w ere 
found at the neck and at the hack which contained a pure culture of B eoh The 
gall-bladder contained muco-piuuleut fluid, and acute inflammatory changes were 
found in the gall-bladder In the remaining three rabbits (67, 75 and 76) the gall- 
bladdei was distended w ith milky fluid There weie a number of yellowish deposits 
which resembled the ‘ bilirubin calculi ’ found in human gall-bladder There were 
signs of inflammation m the gall-bladder 


Table IV 

Conchtioii of the gall-bladdei of lei a complete course of bix weelly intiaveuous 
injections of B co\i in i abhiti 


Rabbit 

number 

Culture of bile 

I 

1 Condition of the gall bladder 

67 

Positive B coll 

I 

Gail bladder was distended with a milky 
fluid and yellouish deposits in large 
numbers present Signs of acute in 
flammation present 

73 

Positive B coll 

Do 

76 

81 

84 

85 

86 

69 

78 

Positive B colt 

1 

Do 

Bile was normal in colour and appearance 
Slight thickemng of the gall bladder with 
signs of inflammation 

Do 

No abnormality uas found 

Do 

Gall bladder filled Mith semi solid greenish 
mosses — the so called ‘ mud ’ Mild signs 
of inflammation present 

Do 

87 

Positive B coh 

Gall bladder contained muco purulent fluid 
Acute signs of inflammation 'present 

88 

Positive B coh 

Do 

68 

Positive B colt 

Do 
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SuJrMARY AND CONCLUSIONS 

1 Bacterual investigations of bile wall of the gall-bladder and gall-stones 
were done both foi aeiobic and anaerobic oiganisins Bacillus coh was found m 
majority of cases There was no evidence that one oi the othei coat of tliegall- 
bladdei is more prone to infection 

2 Cholecystitis has been expeiimentally produced by repeated injections of 
B coll isolated fiom human gall-bladder Acute cholecystitis, chronic cholecystitis 
and ‘ hydrops ’ of the gall-bladder have been found as the result of the injections 
Concretions in the gall-bladder aie also found , afew of themaie the so-called ‘ mud ’ 
composed of fats, and a few aie bilnubin stones 


In conclusion, I wash to express my indebtedness to those who have made 
this research possible — to Mr E. N Bhatia undei wdiose suggestions and guidance 
the work was started, to Doctor K S Nigam for the valuable instructions, 
guidance and facihties afioided nie in cariying out the lesearch and to Captain 
J G Mukerjee foi much valuable help m the bacteuological and pathological work 
The cost of the lesearch w'as defrayed from Captain Kunwar Indrajit Singh 
Reseaich Bund 
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THE INTERACTION OF FOOD AND SANITARY CONDITION 
IN THE CAUSATION AND PREVENTION 
OF THYROID DISEASE 

BY 

Colonel E McCARRISON, g i e , k h p , i m s 
[From the Flutiilional Research Laboiatones, I R F A , Pasteur 
Institute, Coonoo), South India) 

[Received for publication, November 23, 1932 ] 

In previous papers (McCarnsou and Madliava, 1932, 1933) the existence of 
a goitre-noxa in association with insanitary condition was demonstrated anew 
(McCarrison, 1908, 1911, 1914, 1917, 1928) It was shown that albino rats, fed on 
a non-goitre-producmg diet consisting of cabbage, whole wheat and cholani (Andro- 
pagan sorghum), developed goitre when living under conditions of gross insanita- 
tion but remained goitre-free when living undei conditions of scrupulous cleanliness 
It was shown also that associated with the goitre produced by msamtary 
condition there was a significant increase in size of the adrenal glands and spleen 
and a significant diminution in size of the testes 

The experiments, with which the present paper deals, were designed with the 
object of learning the nature of the effects of this noxa on the thyroid gland and 
the extent to which a properly constituted diet was capable of counteracting them 

The experiments 

The experiments were carried out during the spring, summer and early autumn 
of 1932, when the goitrogenic potency of cabbage was slight or nil They ran con- 
currently, and extended over a period of 181 days Seven groups of young albino 
rats were used, there being 36 animals in each group They were taken from 
the standardized stock maintained in this Laboratory Goitre is conspicuous 
by its rarity in this stock (McCarrison and Madhava, 1932a) In each group the 
body-weight of the animals ranged between 35 and 100 grammes , a range required 
to enable the effects' of the goitre-noxa to be observed in animals at different 
stages of growth The aggregate body-weight and the sex-distribution in each 
group were approximately the same 

Two diets were used a ‘ superior ’ and an ‘ inferior ’ The ‘ superior ’ diet 
consisted of freshly ground whole wheat floui, made into cakes of unleavened bread 

( 957 ) 
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{chapattis) and lightly smeaied ^vith ficsh buttei, sprouted Bengal (legume), 
fresh law cairots and cabbage ad Ubilum, whole milk (5 c c pci lat per day), frest 
law meat with bone once a week and distilled ^vatei The ‘ inferior’ diet— so 


called because it was defective in certain obvioub icgaidb — ivas made up of 60 parts 
of flesh cabbage (the same cabbage was used in eacli diet), 20 parts of cholam, 20 
parts of whole wheat floui (chapaltis) and distilled watei 

The samtaiy conditions undei which the animals lived veic also of two orders 
‘ good ’ and ‘ bad ’ In the foimei each rat was confined in a separate, screened 
cage , the most sciupulous cleanliness being mamtained In the latter tbe 
animals were confined together in two compartments of a single laige cage (Plate 
XLI, fig 1) wheiem rat excreta and decaying food had been allowed to acciunulate 
from a pievious experiment (McCairisoii and hladhava, 1932) , fermentation was 
favoured by the presence of yeast and the moist condition in which the decomposing 
material was kept The food of the animals became contaminated by this material 
An emulsion of this excrement was made in distilled water 200 grammes to 
the litre Part of it — icfeiied to as ‘ unsteiilc filtiate ’ — was filtered througli 
several layers of muslin another part— lefened to as ‘ steiile filtiate ’ — was filtered, 
under pressure, through microbe-pioof poicelain caudles (Ch eavin’s) A third 
part, also filtered through mici obc-proof caudles, had iodine added to it m the 
proportion of 10,000y to the litre , this portion is referred to as ‘ sterile filtrate 
plus iodine ’ These filtrates were administered to three of the groups as their 
sole water-supply The filtrates were mixed with the food in the proportion of 
10 c c per rat per day The gioup which received the sterile filtrate plus mdme 
was kept in an animal house far removed from the other groups 
The conditions of life of the seven groups were thus as follows — 

Group I good sanitation and superior diet 

„ IT good sanitation and inferior diet 

„ III bad sanitation and superior diet 

,, IV bad sanitation and inferior diet 


V good samtation, superior diet and unsteiile filtrate 
VI good sanitation, supeiior diet and sterile filtrate 
VII good sanitation, superior diet and sterile filtrate pfes iodine 


On the conclusion of the experiments the surviving rats were killed by drownmo 
and the two thyroid lobes rapidly dissected out and rveighed The isthmus was 
neglected, since its removal wuth the lateral lobes would have involved the expendi- 
ture of considerable time and subjected the main portion of the organ to the ns 
of drying Its exclusion does not materially afl:ect the results 


Results of the experiments. 

The results are set out in Tables I and II , they are represented graphically 
m Text-figs 1 to 5 




Text na 1 — Showing the weight curves of the thyroid gland in Groups 1, Text no 2 — Showing the ‘ r ’ curves of the thyroid gland (weight 

II, III and IV per 100 g of body weight) in Groups I, II, m and 

IV The dotted hne is the normal ‘ r ’ curve of stock 
rats m this laboratory 
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Table I 

Shoiving the mean weights (T -W ) and ‘ r ’-valves {u eight pei 100 g of body-ueigU), 
in milligrams, of the thgioul gland at diffeient langes of bodg-ueight 
in albino rats living under conditions of good and bad sanitation 
while being fed on ‘ sugjenoi ’ and ‘ inferior ’ diets 


Group — 

1 I 

1 


II 1 

1 

Ill 

11 

Body weight, g 

1 

Good t>A.siTvno> 

B\D SIMTITIOR 

1 

Superior diet j 

Iiifeiior diet 

Siiptnoi diet 

Jiifenor diet 

T \V 

1 

‘r' i 

T M 

1 

■j 

‘ r ’ i 

_ j 

T W 

‘r 

. _ . _ - 1 

T 11 

1 

*r' 

110—119 

1 

122 

10 1 

10 6 

1 

95 

94 1 

so 

23 6 j 

20 8 

120—139 j 

12 4 j 

0 7 

12 3 

0 9 

99 

7 8 

22 4 

17 3 

UO— 159 

116 ■ 

1 

7 a 

11 3 

7 8 

10 2 

8 1 

23 9 

16 5 

1 GO— 179 

15 6 

0 2 

ll 7 

7 1 

15 6 

9 1 

26 4 

16 8 

180—199 

I 152 

S3 

10 2 

59 

16 1 

^ 86 

25 4 

13 6 

200—219 

15 3 i 

7 5 

1 

1 

I 

21 9 

104 

33 5 i 

16 2 

220—239 

16 6 

66 



19 1 

S3 

45 4 1 


210—259 

17 0 

62 

i ! 

1 

U 0 

122 

3S2 j 


A^ ERAOES 

14 5 

8 2 



i6 9 

8 6 

' 29 8 

16 7 









— 


Erom these results the following facts emerge — 

(1) The ‘ inferior ’ diet was not in itself goitre-producing (Text-figs 2 and 

3) , the mean value of ‘ i ’ being the same in Group II as m Group I 
This mean value is that (8 18±0 12) previously established as normal 
(McCairison and Madhava, 1932a) for Coonoor rats 

(2) The thyroid gland of lats fed on the ‘ inferior ’ diet was of significantly 

greater weight (T -W ) and size (' r ’), at eveiy range of body-weighb 
when the animals were living under bad (Group IV) than when they 
were living undei good (Group II) sanitary conditions (Text-figs 2 
and 3) The existence of a goitre-pioducmg noxa in association with 
insamtaiy conditions is thus demonstrated again 

(3) Eats fed on the ‘ superior ’ diet while bving undei conditions of insani- 

tation had thyroid glands of normal weight and size when then 
body-weights were less than 200 grammes The ‘ superioi ' diet 
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afforded them protection against the goitre-pioducing noxa associated 
with insanitary condition But in animals of a higher body-weight 
this protection, although considerable (Text-figs 1 and 2), was not 
complete It would seem, therefore, that despite the use of a well 
constituted diet, such as the ‘ supenoi ’ diet was, the goitre-noxa 
had a tendency to increase the weight and size of the thyroid gland 
in the heavier animals This tendency was not, however, so great 



• •• = INSANITARY CONDITION +lNrEH10R DIET 
OOO M " +SUPFR10R DIET 

43 0-49 9 

• 

400-449 

• 

C/^ 


g 39^0-39 9 

• • *6 

(J 


J 


J 300-34 9 

••• •• o 

£ 


X Et)0-29 9 

•• oo o 

o 


u 


? 20 0-24 9 

• • oo o 

P 


° 130-199 

0« • 0« oo OOO oo o 

>• 


S 


f- 10 0-14 9 

• moo gooooo o o 

9 0-99 

o 

o 

o 


BODY-WEIGHT 

too 

120 

140 

IGO 

too 

200 

220 

240 

IN 

to 

to 

to 


to 

to 

to 

to 

GRAMMES 

tia 

139 

ISO 

173 

193 

213 

233 

2S9 


Text mg 3 — Showing the frequency diatribuuons of thyroid weights m Groups 

III and IV 

as to cause ‘ true goitre ’ , that is to say, the size (‘ r ’) of the 
glands did not exceed the normal mean by more than 2 6 tunes the 
standard deviation (McCarnson and Madhava, 1932a) The effect of 
the ‘ superior ’ diet m counteracting the goitre-noxa is illus- 
trated in Text-fig 3 

(4) The mcidence of ‘ true goitre ’ m the several groups was as follows — 
I, ml , II, ml , III, ml , IV, 66 2 per cent 
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Tabll II 

Showing the mean weights (T -W ) and ' > '-tallies {ueight jjei 100 g 
of body-weight), in milhgiams, of the Ihyioul gland, at diffeient 
ranges of body-weight, in albino lats living under good sarnkny 
conditions, while being Jed on the 'supeiioi ’ diet to which 
the seteial fill) ales iteie added 


Group — 

I 


bh 

VI 

VII 

1 

j 

Body-Av eight, g 

1 

1 

No filtrate 
(coutrol) 

Unsteiile filtrate 

1 

Sterile filtrate 

Sterile filtrate 
plus iodine 

T W \ 

1 

‘r ’ 

T W 

‘r’ 1 

1 

! 

T -W 

‘r’ 

1 

T-W 

‘r’ 

1 

110—119 

12 2 

10 3 

12 8 

1 

11 5 

75 

6 7 

96 

82 

120—139 

1 

12 4 1 

97 

13 1 i 

1 

10 3 

9 3 

1 

64 

10 7 

82 

140—159 

11 b 

78 

13 8 

96 

10 6 

66 i 

1 

no 

76 

160—179 i 

15 6 

92 

13 6 

8 1 

12 0 

1 

74 

13 0 

77 

180—199 

15 2 


15 1 

8 1 

11 5 

6 1 

13 5 

72 

200—219 

16 3 


16 0 

1 

76 

13 0 

70 

1 

15 1 

1 

76 

Ayfeages 

1 

1 

13 7 i 

88 

141 

92 

1 

i 10 66 

1 

1 

1 

67 

I 

1 

i 1215 

77 

1 


It IS apparent from Table II that the ‘ iinsteiile filtrate ’ had no significant 
efiect either on the weight (T -W ) or the size (‘ i ’) of the thyioid gland in rats fed 
on the ‘ superior ’ diet while living undei good sanitary conditions of life (Text-figs t 
and 5) And so far from the ‘ steiile filtrate ’ tending to cause thyioid enlargement 
it manifested a significant tendency, evident at almost every lange of body-weight) 
to reduce the size of the organ This tendency was less marked, but still apparent, 
when iodine was added to the sterile filtrate than when it was not It will be 
noted that the diminution in size of the gland ivas most marked (Text-fig 5) nt the 
lighter body-weights and, therefore, at the earlier ages , and that it gradually 
diminished as body-weight increased until at 200 to 219 grammes it was no longer 
apparent Indeed, at this — the highest — ^range of body-weight, the ‘ i ’-values m 
all foul groups were practically identical (7 0 to 7 6) It would seem, therefore, 
that the sterile filtiate contained something which tended to reduce the size of 
the th}T:oj^"l‘Wd in the bghter and, theiefoie, younger animals 










Text no 4 — Showing the weight curves of the thyroid gland in 


Groups I (Control), V, VI and Vn 
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A chemical analysis of the sterile and unsteiile filtiates yielded the foUowu 
results, expiessed as grammes pei litre . — 



Stcnic filtrate 

Unstcnle filtrate 

Total mineral matter 

0C19 

2 246 

Insoluble 

Paint trace 

1 267 

Soluble 

0 G4D 

0 079 

Total nitrogen 

Ver^ fnirt trace 

Trace (roughly double 
that in stcnic fil 
tratc) 

Iron and alumin 

Very faint trni o 

Trace 

Lime (CaO) 

0 112 

0 074 

Magnesia (MgO) 

0 062 

0 127 

Manganese (Mn) 

0 OOOOI 

0 00045 

Potash (KjO) 

0 241 

0 266 

Nickel 

Faint trace 

Nil 

Phosphates (PjOr) 

0 106 

0 467 

Chlorides (Cl) 

0 053 

0 053 

Piluondes (PI)’ 

Nil 

Nil 

lodme (in y per litre) 

15 

20 

Sulphates 

Faint” trace 

Nil 


The faint trace of nickel m the steiile filtiate was derived fiom the porcelain 
candle through which the fluid was filtered , chemical analysis of the candle 
having levealed nickel in easily detectable amount The possibility that it may 
have had something to do with the diminution m size of the thyroid gland m the 
younger animals is now under investigation 


Histological appearances of the thyroid glands. 

Six sample glands were taken at random from each of the foiu groups (IV, V, 
VI and VII) in which the size of the gland led to the expectation of histologies 
change of one kind or another 

The samples from Group IV (inferior diet and insanitation) were all goitrous 
The goitres were of the same type—hyperplastic (Plate XLII, fig 2) No retro- 
grade changes, of the order presently to be described, were found in them 



Plate XLI 



Fio 1 — Inaamtiry cage m which Groups III and IV lived , the middle compartment remained empty Cage turned on its side 

to show the compost of excreta and food remnants 



Plvte XLII 



I<IQ 2 — Hi perplastic goitre tjpical of the enhuged 
thyroid glands of Gioup IV 


Fjo 3 — Xon goitrous thyroid gland s iniple (Xo oOliJ) 
from Group VJ Xote both ijhases of normal 'ictinti 
actuo secretion and colloid storage 



Fig 4— Non goitrous thjroid gland sample (No 510: 
from Group V Note commencmg desquamation i 
epithelial cells, breaking down of follicle walls som 
cellular disintegration ’ 


Fig 5 — Hon goitrous thyroid gland sample (Xo ) 
from Group VII Note 'moie advanced stage of 
retrograde process which iodine administration diJ eo 
prevent 


Plate XLIII 



Pio 0 — Non goitrous th^ roid glantl sample (No 
5112) from Group V Note desquamation of epithelial 
cells, merging of colloid witli cellular protoplasm aggre 
gation of nuclei at eeitam areas 



i 10 8 — Non goitrous thyroid gland sample (No 6C69) 
from Group VI Note heaped up area of small, roimd- 
ed, deeply staining nuclei and appearances resembling 
fcptal adenoma ’ in the human gland 



Fio 7 — Non goitrous thyroid gland sample (No 5103) 
from Gioup V Note epithelial cells mingled with colloid, 
and complete loss of follicular structure in lower part 
of the section 



Fiq 9 — Non goitrous thyroid 
from Groui) VI Note a 
in adenoma of the human 


/ 5054) 
t seen 




Plate XLIV 



from Group V sample (\o ‘ 

part of the field, more or les^non^^r ’ tl>o r 

and appearances sug<Testive of n h 

of the former area commencing cncapsuh 


^ ^ ^ iShil, i’?” of part of the ‘ ideno 

luatous aiea seen m Eig 10 





from Groan vf^r* “"“co^s tftvroid gland sample (*\o 
appearanppF o i filtrate plus iodine) To sho"’ 

of adenoma those of the parenchymatous 

packed follicles for “any small, clo^el/ 

, for the most part empty of colloid 
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Those fiom Groups V, VI and VII (supeiioi diet, good sanitation and filtrates) 
were of subnormal or approximately normal size They piesented similar histolo- 
gical appearances in all thiee groups These appearances weie of three orders 
normal, retrograde and a combination of both 

Normal appearances — These need little description , they are illustrated in 
Plate XLII, fig 3 The gland exhibited both phases of its activity— colloid storage 
and active secretion — proceeding side by side with one another The phase of 
active secretion usually piedominated This phase is sometimes spoken of as 
‘ hyperplasia ’ in the literature It is admittedly difficult to distinguish it from 
hyperplasia by observation of a few fields of the microscope But where no 
enlargement of the gland has occurred the teim ‘ active secretion ’ is preferable 
Some of these normal glands showed an unusual degree of distension of peripheral 
follicles with colloid material Of the glands that could be classed as ‘ normal ’ 
there were 3 out of 6 in Group VI, one out of 6 m Group V, and none out of 6 in 
Group VII 

Retrograde changes — The gradual merging of the normal into the retrograde is 
illustrated in tlie accompanying photomicrographs (Plates XLII, figs S to 5, 
XLIII, 6 to 9, and XLIV, 10 to 13) Figs 4, 6 and 7 show what appears to be the 
first stage m the retrograde process an invasion* of colloid-contaimng follicles by 
epithelial cells, the breaking down of the follicular walls, the degeneration of certain 
cells, and the mingling of the unconfined colloid with the protoplasm of the follicular 
and mtra-follicular epithelium Fig 10 shows these changes at the advancing edge 
of the process where it meets an area of normal glandular tissue In Figs 5 and 11 
a further stage is seen here all trace of follicular structure and of colloid is lost , 
the epithelial cells are no longer distinguishable as individual umts and their nuclei 
he m a homogeneous or faintly granular and loosely disposed matrix, large portions 
of which are devoid, or almost devoid, of enmeshed nuclei , m such places cellular 
disintegration has occurred Figs 8 and 9 are examples of areas in which this 
matrix is more compressed enclosed within it are many, small, rounded, densely- 
stammg nuclei more or less umformly distributed or arranged in irregular clumps 
or heaped-up masses At this stage the appearances are similar to those seen m 
the so-called foetal adenoma of human thyroids Figs 10 and 12 show, m low 
magnification, the general appearances of glands affected by this process In the 
former an appearance of commencing encapsulation of the adenomatons-like area 
is seen where it unpmges upon a fibrous trabecula of the gland , in the latter the 
greater part of the gland is involved in the retrograde change, there being but one 
normal colloid-contaimng follicle to be seen in the section It can hardly be doubted 


♦ While the term ‘ invasion ’ appears adequately to desenbe this feature, ‘ desquamation ’ would 
also serve Such ‘ desquamation ’ is oharactenstio of the action of certain chemical and microhm 
poisons on the thyroid gland — R MoO 
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that had tlie animals been allowed to suivivc foi a longer period, with mtermissions 
in tlie administration of the filtiates, the giowtli of fibrous tissue would have 
given use to adenomatous nodules in glands affected by these changes 

Fig 13 illustiates an appeaiance of a somewhat different order one closely 
resembling tliai seen in the paienchymatous tyjie of adenoma m human 
thyioids, wheiein are many small, closely -packed follicles mainly devoid of 
colloid 

The incidence of these changes in the thiee gioups (V VI and VII) leceivingtk 
filtrates did not diftei significantly, noi did tlicir distulnition in the glands them- 
selves In 3 of the 18 glands they weie iclativeh sliglit and limited, as a rule, to 
the more cential paits of the organ, m 11 otlieis they weie moie extensive, 
occasionally they were confined to one lobe of the gland, or one lobe was more 
aftected than the other Extensive letrogiadc changes weie piesent in 4 out of 6 
in Group V, in 3 out of 6 m Gioup VI and in 4 out of 6 in Gioup VII It will be 
noted that they were as fiequent, and then distribution w'lthm the glands as 
extensive, in Group V (iinsteiile filtrate) as m Gioup VI (sterile filtrate) The 
presence of the trace of nickel in the ‘ steiile filtiate ’ W'as not, therefoie, lelated 
to their occuiienco , though whethei the nickel caused the thyroid of the younger 
animals to be smaller than normal is anothei matter It will be noted also that 
the admimstration of iodine, simultaneously with the steiile filtiate (Group VH)) 
did not prevent the occurience of these changes 

The retiogiade changes heic descubed have, at then latei stages, a close 
resemblance to the so-called foetal adenoma or, less often, to the parenchymatous 
type of adenoma m the human thyioid gland But whethei oi not the} are 
to be legaided as adenomatous m natiiie they aie obviously degenerative and 
such as must impair the functional efficiency of the gland There can he no 
leasouable doubt that they were due to a watei'-soluble noxa contained m the 
filtiates The sensitivity of the thyioid gland to this noxa, even m the 
piesence of a well-constituted diet and/oi of iodine, is evidenced by the 
occurrence of the changes in 12 out of 18, oi 66 6 pei cent, of the samples 
examined 

Aspievioiisly stated, changes of this chaiactei weie not found m the hyper- 
plastic goities occuiiing m Gi oiip IV (inferior diet and insanitation) The number 
of samples examined (six) was, howevei, too small completely to exclude the 
possibility of then occuirence But it is evident that the admmistiation of the 
water-soluble noxa w'as much more likely to give use to them than the exposure of 
the lats to the insamtai} conditions themselves It may be that the difteience 
between Group IV and the gioups leceiving the filtiates was a mattei of dosage 
of the noxa a smaller dose (as in Gioup IV) causing hyperplastic goitie , a larger 
dose (Groups V, VI and VII), causing the retrograde changes heie described The 
latter groups consumed, daily , the equivalent of 2 grammes of the compost contained 
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m the iusai\it iiy cages , a ilosc which must have consuleiably exceeded that inges- 
ted by Gro'ip IV 

Discussion 

These icsults indicate {a) that, associated witli the fonditions of insamtation 
pievaihng in these cxpeiiinenls, theie nas a hy'pe)j)la‘iia-'pioducing factor capable 
of giving use to consideiable goities in rats fed on the inferior diet , (6) that the 
‘ supeiioi diet ’ contained a factoi oi factors antagonistic to this goitiogenic agent — 
an anli-hype) phtblic factoi — while the ‘ infeiioi diet did not, oi contained it m 
lessei amount , (c) that a loato -soluble noxa nas present in the compost of excreta 
and vegetable niattei, which, when administeied to well-fed and hygiemcally 
housed rats, caused letiograde changes of an apparently adenomatous kind , and 
(d) that the action of this noxa was not prevented by the administiation of iodine 
in amounts equivalent to iOOy per rat per day 

It has previously been demonstrated m this Laboratory (McCarrison, 1920, 
1922, 1929, 1930) that hypeiplastic goitres arising fiom such causes as insamtation, 
excess of fats in the food and an exclusive diet of cabbage, aie preventable by the 
adraimstration of iodine There can be little doubt, therefore, that the hyper- 
plastic goities which occurred in the animals fed on the ‘ inferior diet ’ while 
living under conditions of insamtation (Group IV) could have been prevented fay 
loibne admimstration, ]ust as they were prevented by the lodine-nch ‘ superior 
diet ’ (Group III) But neither the superior diet alone nor in combination with 
iodine administration was capable of preventing the retrograde changes induced m 
the thyroid gland by the solutions of the noxa One is faced, theiefoie, with two 
possibilities either that the goitre-uoxa assoi lated w'lth insanitary condition is a 
single entity, the action of which varies with its dosage and with the composition 
of the diet , or, that it is of dual nature, comprised of two elements— a 
‘ hjpeiplasia-producmg ’ one and an ‘ adenoma-producing ’ one 

The evidence here presented affords no definite indication as to the nature of 
this noxa It is — or one element of it is — water-soluble, and therefore, water- 
borne In this connexion attention may be drawn to experimental findings of 
many years ago (McCarrison, 1911) Well-fed and hygiemcally housed goats were 
given, for a period of 107 days, a previously pure and noii-goitre producing water 
which had been caused to percolate through a mixture of sod and feces (the latter 
obtained from human sufferers from goitre) This was their sole drinking-water- 
supply It was found, on the conclusion of the experiment, that the thyroid glands 
of some of the animals were smaller than noimal , a result similar to that obtained 
in certain groups of rats m the present experiments In another series of well-fed 
goats, cultures of fecal bacteria from goitious persons were admimstered daily 


* Coonoor is situated xn an lodme rich zone (McCamson tt al , 1927) 
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pe) os in massive dosage foi a similai length of time (108 days) In these the 
numbeis having unusually small thyioids vveie highei still, while histological 
examination of the glands levealed dcgcneiative changes similar in hind to those 
found in Groups V, VI and VII of the piesent cxpeiiments In this connexion, 
also, the expeiimental pioduction of goitic in adult animals and of congenital goitre 
and cretinism in then ofltspiing by similai means (JIcCaiiison, 1914, 1917) ma) be 
recalled 

An investigation into the natuie of the water-soluble poison is now in progress 
It is hoped to lepoit upon it at a latei date But, in view of the recent work of 
Marine (1932), and wnthout attempting, at the piesent time, to draw any conclusion, 
it may here be said that tlie ‘ filtrates ’ yielded on acid distillation faint traces of 
cyanides, while the residue left after distillation W'as found to contain nitriles and 
amines of high molecular weight Alpha-hydroxy-carboxylic acids W'eie present 
in the acid distillate, but no phenols nor other aromatic alcohols Iiidican, 
indole and skatole weie not piesent Cadaverine was deinonstiated m the 
‘ unsterile ’ but not in the ‘ steiile ’ filtrate , putrescme was not found m eithei 
Tyramine, m relatively high concentration, and histamine w’eie present 
Enzyme hydrolosis (emulsin), both of the compost and of the cabbage, revealed the 
presence of thio-cyanates in consideiable quantity This observation, taken in 
conjunction with the traces of cyanide found m the acid-distilled fraction, would 
seem to suggest that the ‘ filtrates ’ contained thio-cyanate-piecuisois that are 
split up on acid hydrolosis into fiee cyanogen but which, on enzyme hydrolosis, 
yield thio-cyanate without further decomposition 


Summary. 

(1) Under the conditions of insanitation described in this papei a goitrogenic 
agent was evolved which caused hypei plastic goitres in the gieat majoiity of albino 
rats fed on a diet of poor anti-goitrogemc quabty 

(2) The well-constituted diet, desciibed as ‘ superior had definite anti-hyper* 
plastic or anti-goitrogenic, qualities , this diet afforded albino lats, subjected to 
the above conditions of insanitation, a high degree of protection against hypu^^' 
plastic goitie 

(3) In the compost of excreta and decaying food accumulating under these 
conditions of insanitation there existed a water-soluble and watei-borne ‘ noxa 
which, when administered pei os in daily doses of 10 c c of the w'ateiy solution, 
caused retiograde changes, of an apparently adenomatous nature, in the thymid 
gland of albino rats 

(4) These retrograde changes were not prevented by the well-constituted 
(‘ supeiioi ) diet , nor by the administration of iodine simultaneously with the 
watery solution of the noxa 
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(5) The goitre-noxa associated with insanitary condition may be of dual 
nature comprised of a hyperplasia-producing factor and an adenoma-producing 
factor The former is counteracted by a well-constituted diet and by iodine , the 
latter (m the doses m which it was administered) is not 

Or, the noxa may be a single substance whose action on the thyroid gland 
differs y ith its dosage its ingestion in larger amounts over long periods causing 
retrograde changes in the organ even in the presence of a well-constituted diet and 
of iodine , its ..ngestiou in smaller amounts causing hyperplastic goitre but only in 
the presence of an ill-constituted diet 

(6) The interaction of food and samtary condition on the causation or preven- 
tion of thyroid disease is again made evident by the results here recorded , and the 
limitations of a perfectly constituted diet and of iodine in counteracting this goitre- 
nosa are mdicated 

REFERENCES 

JIabine, D (1932) Proe Soc Exper Biol and Med , 29, pp 772-776 , 


pp 822-823 , and pp 967-968 


McOabiuson, R 

(1009) 

Proc Roy Soc , B , 81, p 31 

Idem 

(1911) 

An Trop Med Parasit , 5, p 463 

Idem 

(1914) 

Ind Jour Med Res , 1, p 606 

Idem 

(1916) 

Ibid , 2, pp 183 and 214 

Idem 

(1917) 

‘ The Thyroid Gland in Health and DiBease ’ 

Idem 

(1920) 

hid Jour Med Res , 7, p 633 

Idem 

(1921) 

Proc Roy Soc , B , 92, p 296 

Idem 

(1923) 

Ind Jour Med Res , 11, p 1 

Idem 

(1928) 

‘ The Simple Goitres ’ 

Idem 

(1931) 

Ind Jour Med Res , 18, p 1 

McCabbison, et al (1927) 

Ibid. 16, p 207 

MoCaeeison and jIIadhava (1932) 

Ibid. 20, p 637 

Idem 

(1933) 

Ibid , p 697 

Idem 

(1932a) 

Ind Med Res Memoir No 23 




hid Jour Jfcd Res, XX, 4, April, 1933 


HYDEOGEN ION CONCENTRATION IN THE ORGANS 
AND BODY-ELUIDS OE SCORBUTIC 
GUINEA-PIGS 


BY 

R McCARRISON and G SANKARAN 
{From the Nutritional Research Laboratories, I RF A , Coonoor) 

[Received for pubbcation, October 10, 1933 ] 

Material 

Two groups of 26 gumea-pigs were used for this work The age, body-weight 
and sex-distribution of the animals was approximately the same in both 
groups One group ( ‘ Controls ’ ) was fed on a diet rich in vitamin C and 
made up of bran, green grass, fresh raw cabbage, fresh carrots, sprouted Bengal 
gram (legume) and water The other group ( ‘ Scorbutic ’ ) was fed on a diet 
of autoclaved miili and crushed oats m which vitamm C was lacking The 
experiment was continued until all the animals in the second group had 
developed chmcal signs of scurvy Seven m this group died , these were 
discarded The remaimng 18 were killed on the first appearance of scorbutic 
symptoms All the ammals m the control group were likewise killed The 
blood needed for pH determinations was taken directly from the heart , the 
urme duectly from the bladder All observations were made with the glass- 
electrode, within three hours of the death of the ammals 


Results. 

The results are set out in Table I wherem the range of pH values and the mean 
pH are given, for each organ and fluid exammed, together with the number of 
observations made 
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Table I 

Showing the range of pH values and the mean value for the organs and 
body-fluids of healthy and scorbutic guinea-pigs 



Healthy (Controls) 


SCOBBUTIO 


Organa 

Number of 

Range of 

Menu 

Number of 

1 Range of 

Mean 


observation 

pH 

pH 

observation 

pH 

pH 

Blood 

1 

23 

7 30 to 7 66 

7 61 

17 

7 17 to 7 47 

7 32 

Bile 

17 

6 71 „ 7 66 

7 22 

6 

6 41 „7 16 

699 

Urine 

12 

6 72 „ 7 74 

7 20 

3 

6‘16 „ 6 74 

5 68 

Thyroid 

24 

6 88 „ 7 17 

7 04 

18 

6 68 „ 7 02 

6 90 

Adrenals 

24 

6 28 „ 6 64 

6 61 

18 

6 28 „ 6 67 

6 47 

Spleen 

24 

6 18 „ 6 69 

6 15 

18 

6 30 „ 6 74 

6 56 

Auricle 

24 

6 05 „ 6 18 

6 20 

6 

6 20 „ 6 74 

6 60 

Ventricle 

24 

6 70 „ 6 28 

6 01 

6 

6 07 „ 6 64 

649 

Kidney 

24 

6 12 „ 6 08 

6 40 

17 

6 12 „ 6 62 

6 39 

Liver 

24 

6 08 „ 6 71 

6 37 

18 

6 22 „ 6 74 

6 53 

Teatea 

8 

6 33 „ 6 79 

6 54 

7 

6 30 „ 6 67 

6 43 

Cerebellum 

23 

6 23 „ 6 74 

6 52 

2 

6 65 „ 6 65 

6 65 

Cerebrum 

23 

6 33 „ 6 91 

6 54 

2 

1 

6 65 „ 6 70 

6 65 


The frequency dzstnbutions of pH values are given for the blood, thyroid gland 
and bile in Table II , for the adrenal glands, spleen, kidney, liver and testes in Table 
III , and for the heart (auricle and ventricle) in Table IV 


Table II 

Showing the frequency distribution of pH values of the blood and thyroid 
gland and bile in healthy and in scorbutic guinea-pigs 


Range of pH 

Blood 

Thyroid 

Range of pH 


Healthy 

controls 

Scurvy 

1 

Healthy 

controls 

Scurvy 

Healthy 

controls 

H 

6 60 to 6 69 




1 

6 40 to 6 49 


B 

6 70 „ 6 79 





6 50 „ 6 59 



6 80 „ 6 89 



2 

7 

6 60 „ 6 69 



6 90 „ 6 99 



2 

8 

6 70 „ 6 79 

1 

1 

7 00 „ 7 09 



13 

2 

6 80 „ 6 89 

1 

2 

7 10 „ 7 19 


1 

7 


6 90 „ 6 99 



7 20 „ 7 29 


5 



7 00 „ 7 09 

2 

2 

7 30 „ 7 39 

2 

8 



7 10 „ 7 19 

3 


7 40 „ 7 49 

4 

3 



7 20 „ 7 29 

4 


7 50 „ 7 59 

17 




7 30 „ 7 39 

3 


7 60 „ 7 69 





7 40 „ 7 49 

1 







7 60 „ 7 59 

2 


Totals 

23 

17 

24 

18 

Totals 

17 

6 
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Table III 


Showing the frequency dislnbuiion of pH value'! of the adienah, spleen, kidney 
and liver in healthy and in scoibutic guinea-pigs 


Range of pH 

! Adrenals 

1 

Spleen j 

Kidney j 

Liver 

Testes 

Healthy controls 

Scurvy 

Healthy controls 

Scurvy 

Healthy controls 

Scurvy 

Healthy controls 

Scurvy 

Healthy controls 

Scurvy 

tJOO 

to 6 09 



H 



n 

1 




6 10 

„ 6 19 





3 


6 




8 20 

„ 6 29 

1 

1 

1 


3 


3 

1 



6 30 

„ 6 39 

1 

4 

1 

2 


4 

2 

2 


3 

6 40 

„ 6 49 

6 

4 

13 

i 


3 

5 

6 


2 

6 50 

„ 6 69 

13 

9 

8 

8 

1 5 

4 

4 

3 

2 

2 

8 60 

6 69 

3 



3 


2 

2 

2 

1 


6 70 

.. 0 79 

1 

1 




3 



1 

6 

■1 


Totals 

24 

18 

24 

18 

24 

18 

24 

18 

8 

7 


Table IV 


Showing the frequency distribution of pH values of the auncle and ventiicle 
of the heart in healthy and in scorbutic guinea-pigs 


Range of pH 

j Axjbiole 

Ventricle 

1 

Healthy 

controls 

Scurvy 

Healthy 

controls 

Scurvy 

5 70 to 5 79 



3 


5 80 „ 6 89 



1 


5 90 „ 5 99 



6 


6 00 „ 6 09 

1 


8 

1 

6 10 „ 6 19 

7 


4 


6 20 „ 6 29 

5 

1 

3 


6 30 „6 39 

7 



1 

6 40 „ 6 49 

4 




6 60 „6 69 


1 


1 

6 60 „ 6 69 


1 


3 

6 70 „ 6 79 


3 



Totals 

24 

6 

24 

6 
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Fiom these tables it is seen that in the scorbutic guinea-pigs (1) the luine 
tended to be markedly acid , (2) the blood, bile, testes and thyroid gland 
exhibited a tendency to diminution in alkalinity , (3) the spleen, heart (amide 
and ventricle) and the liver tended to be less acid than normal , ^vhile (4) the pH 
of the adienal glands, and kidneys was not significantly altered 

These results aie in striking contrast to those observed in pigeons fed on diets 
deficient m vitamin B (McCarnson et al , 1933) 


McCabbison, R el al (1033) 
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A RAT-FLEA SURVEY OF THE MYSORE STATE 

BY 

P V SEETHARAMA IYER, m a , 

Ki7ig Institute Guindy 

[Received for publication, October 24, 1032 ] 

Introbtjction 

A KAT-BLEA suTvey of the iladras Presidency (King and Panflit, 1931) financed 
by the Indian Research Fund Association was carried out under the direction of 
Lieut -Colonel H H King, IMS, and Dr C 6 Pandit in thirty different represen- 
tative areas in the Madras Presidency during 1928-1930 The Indian State of 
Mysore was not included in the original scheme of work and it was thought that 
the extension of the survey to Mysore would be of value in making the survey of 
South India more complete and also of great value to Mysore itself where plague 
IS practically endemic 

After consultation with Lieut -Colonel King, Dr Sweet of the Rockefeller 
Foundation, Consultant in Health to the Mysore Government, asked this Govern- 
ment for sanction for a rapid flea survey of some selected areas in the State It 
was arranged between Dr Sweet, Dr Karve, the Director of Health, Mysore, and 
Lieut -Colonel King that the survey would be done by one of the staff of the King 
Institute, Guindy, under the general supervision of Lieut -Colonel King Exten- 
sive surveys were not aimed at but attention was to be paid chiefly to differences 
in flea species between typically different towns and between typically different 
areas in the places surveyed 

The following six towns were selected and a period of 7-10 days was devoted 
to each place (see Map) — 

(1) Mysore City (4) Sagar 

(2) Sura (5) Shunoga 

(3) Davanagere (6) Kolar Gold Fields 

General description oe Mysore State 

The State of Mysore hes on a tableland situated in the angle formed by the 
Eastern and Western Ghauts It is enclosed by chains of mountains on three 

( 975 ) 
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sides, tlie nortliern border alone being free It is surrounded by the Madras 
Presidency on all sides except on part of the west where the Bombay Presidency 
northwards and Coorg southwards form the boundaries 

Map 

MYSORE State 

showing places SURVEYEO 
t = 83 WvJui 



The climate of Mysore is on the whole mild and equable owing to its elevation. 
The rainy months are from June to November , the cold season commences m 
December and continues till about the end of February March, April and May 
are the hot months of the year Mysore gets the benefit of both the monsoons, t e 
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South-West commencing m June and the North-East in October The aveiage 
annual rainfall vanes considerably from place to place In order to get an idea 
of the temperature conditions prevailing during the period of survey, a maximum 
and minimum thermometer and a wet and dry bulb thermometer were read daily 
at 8 A M The readings are given in Table I 

Table I 


Meteorological observations 





TEMrEBATUBE 


Humidity 

tn 

a 

'S 

Place 

surveyed 

Period of 
survey 

Maximum 

Minimum 

1 

s 

B 

S 

o 

CD 

Qi 

c 

3 

it 

*3 

0 

a 

1 

Highest “P 

1 

1 

Q> 

§ 

a 1 

ci 

)§ ; 

Mean dry bulb 
perature 

Mean -net bulb 
perature 

Mean bumiditj 
rent 

a 

a >. 

2 a 

1 3 « 

P5 

a 

§ 

cS 

o 

to 

1 a 

& 

t 

Mysore 

6-3-32 to 
14.-3-32 

1 

91 43 

i 

1 

92 4 

65 4 

04 7 

26 08 

73 76 

1 

66 0 

63 3 


i 

28 9 

Sura 

16-3-32 to 
21-3-32 

89 8 

92 0 

816 

80 0 

82 

83 25 

70 68 

49 0 


18 13 

Davanagere 

23-3-32 to 
30-3-32 

95 8 

97 0 

76 06 

74 6 

21 74 

1 

77 1 

70 2 

67 3 


24 0 

Sagar 

1--1-32 to 
10-4:-32 

89 3 

93 0 ' 

1 

72 2 

09 0 

17 6 

I 74 77 

71 08 

80 3 

1 2 inches 

100 0 

SLimoga 

11-4-32 to 
18-4r-32 

95 3 

97 0 ' 

76 07 

71 5 

20 23 

7b 36 ' 

1 

1 

71 56 

76 0 

0 95 „ 

318 

Kolar Gold 
Fields 

19-4-32 to 
28-4-32 

86 17 

90 0 

76 67 

73 0 

95 

77 66 ! 

! 

7139 

69 3 

2 34 „ 

29 0 


A good deal of the internal trade of the State is carried on m the weekly and 
other periodical ‘ shandies ’ (markets) which are held in almost every unpoitant 
place The land-locked position of Mysore and the mountain barriers on the three 
sides formerly largely prevented active trade with districts outside the State Good 
roads have recently come inlo existence and radways have also been extended to 
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rural districts Buses, countiy-carts and lorries transport commodities over the 
Ghauts and theie is a busk tiade going on Viith. the bordering districts at present 

Buildings 

All types of buildings weie seen in the places visited The congested locahties 
occupied mostly by the pool class people have tliatched oi tiled houses with mud 
walls Oidmaiy countiy tiles aie suppoited on a framework of bamboos held in 
place by wooden beams The tiles usually affoid excellent shelter for rats 
The floors aie generally of mud The majority of the houses are dark and ill 
ventilated Most houses in streets are contiguous affording free scope for rat 
movement 

The rich and the middle classes live mostly in tiled houses with walls made of 
brick In all the towns surveyed new building is gomg on consisting of houses 
built of masonry and bungalows separated from one another by open spaces These 
belong mostly to the well-to-do classes and have been built on modern sanitary lines 
They have paved floors and do not afford much shelter for rats 

Table II 


The nwnbei of deaths legistered fom flague, 1922-1931 


Place 

Population 

1922 

1923 

1924 

1925 

1926 

1927 

1928 

1929 

1930 

1931 

My‘?ore City 

107,142 

37 

321 

29 

6 

48 

130 

34 

77 

192 

109 

Sira 

0,894 





1 


1 

1 

i 



Davanagere 

1 

23,165 

2 

2 

155 

60 

66 

7 

2 

111 


6 

Sagar 

6,696 

18 




13 





1 

Shimoga 

20,661 

66 

36 

4 

6 

26 


6 

20 

18 

3 

Kolar Gold 
Pields 

85,103 

7 

1 




1 

1 


8 

51 


Plague statistics 

Table II shows the number of deaths from plague in the various places surveyed 
for the years 1922-1931 Plague has been prevalent in all these places m an 
epidemic form at some time or other since 1898 when plague was introduced from the 
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Bombay Presidency Blyaore City, Davanageie and Shunoga are tbe ■worst affected 
and show a fairly high incidence for the whole period Sira alone has escaped from 
plague — the one death recorded m 1926 was piobablv an imported case 

Notls on places surveyed 

(1) Mysore City is the capital of the State and has an area of 9 5 square miles 
It IS 2,525 feet above sea-level It is hottei tlian Bangalore and exhibits greater 
extremes of temperature The mean annual 8 a m temperature is 77°P It gets 
the benefit of both the monsoons, the South-ll est commencing in June and the 
North-East m Octobei The chief exports are rice, ragi, tobacco and sandal-wood 
The grams mainly go to the West Coast, Coimbatoie and Nilgiiis The imports 
are mainly piece-goods from Bombay and cotton fiom Davanagere 

(2) Siia is a small town m the Tumkur district bordering on Anantapur district 
of the Madras Presidency The town is 2,223 feet above sea-level The place is a 
famine area and the town is almost m rmns The soil is hard and poor requuing 
much labour to render it productive The low altitude and the nature of the soil 
exert considerable influence on its temperature which resembles that of Bellary and 
Anantapur districts The mean annual temperature is 79°P The rainfall at Sira 
IS the lowest among the places surveyed, being only 18 13 inches per year 
(1921-1931) Coco-nut and sugarcane are grown, the dried kernel of the former 
bemg exported Coarse woollen blankets are made here and sent out to 
Bangalore 

(3) Davanagere is an important and populous trade centre for cotton in the 
Ohitaldrug district The altitude is 1,927 feet above sea-level It adjoins the 
Bellary district and is drier and hotter than the other parts of Mysore, owing to its 
lower elevation The mean average annual temperature is 78°F , the highest 
monthly average being recorded in April and May This place has an annual 
rainfall of nearly 24 inches, half of this falling betu een August and November The 
chief crops grown are cotton, chola and ragi For the last 10 years the tra&e m 
ground-nuts has developed to a great extent The railway station goods shed is 
eontiguous to the town and the railway has a special gram siding behind the market 
to facilitate loading and unloading of goods AYheat and rice for local consump- 
tion are imported from outside The chief export consists of cotton to Coimbatore, 
Dharwar, Bombay and Mysore Scattered on the fringes of the town are a number 
of cotton presses and ginning factories 

(4) Sagar is a small town m the Shunoga district and lies to the north-west of 
Shimoga town on the Shimoga-Gerosoppa road It lies in the heart of the ‘ Malnad ’ 
(hill country) resting on the Western Ghauts The town is 1,960 feet above sea- 
level The whole of this taluq is studded with magnificent hills and forests 
•affording the most charming scenery The proximity of forests to Sagar exerts 
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some influence on the climate of this place by aftecting the humidity Tem- 
peiatuie lecoids aie not available The maximum temperature recorded duriDg 
the survey was 93°F The average annual lainfall is nearly 100 inches, more than 
70 pel cent of this falling cluiing the South-'West monsoon months A few 
showers also occui in April Sagai is the chief depot of the areca-nut trade m the 
State Some sugaicaue is also grown 

(5) SJninoga is the head-quarters of the Shimoga district and lies on the left 
bank of the river Tunga It is nearly 40 miles from the Western Ghauts and lies 
at an altitude of 1,899 feet above sea-level The maximum temperature recorded 
during the survey was 97°F Being farther away from the Western Ghauts than 
Sagar it has a much ^mallei rainfall, the average being 31 8 inches Eagi, sugar- 
cane and paddy are cultivated here There are a few godowns in the town stoching 
paddy and aieca-nut 

(6) Kolai Gold Fields he to the south of Bownngpet taluq in the Kolar 
district This district occupies that portion of the Mysore plateau bordering 
on the Eastern Ghauts ^^^lat was a wilderness years ago is now a crowded indus- 
trial colony comprising an area of nearly 35 square miles The height of the 
place above sea-level is 2,900 feet 

Robeitson^et — a small town m this mmmg area — was selected for the purpose 
of this survey The annual means of maximum and minimum temperatuie at the 
Kolar Gold Fields are 83°F and 67°F , giving a general average of 75°F The 
mnung area is too far inland to receive much benefit from the South-West monsoon 
The average annual rainfall is 29 3 inches December to April are usually ramless 
months The important industiy here is, of course, gold mining There axe a few 
oil mills scattered over the area The chief exports are ground-nuts, jaggery 
and tamarind 

Details op survey 

The survey commenced on the 4th March, 1932, and was continued till the end 
of April The month of March is the beginning of the summer season in the State 
By April hot weathei conditions had set in and this might have influenced the 
prevalence of fleas on lats to some extent 

The procedure adopted for the collection and examination of rats and fleas 
was the same as that described in the report (No 1) on the lat-flea survey of 
the Madras Presidency (King, Iyer, Natarajan, and George, 1929) Separate data 
for bazaars and residential areas were always obtained 

Rodents 

The data xegaidmg the rodents caught during the survey are given in Table III 
In all 672 rodents were trapped, of which 656 were rats, 5 bandicoots and 11 mice ^ 
Rodents were caught in 230 traps out of the 2,098 traps distributed 
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Table III 


Species and bcj. of )(tls 


Place 

j 

Traps laid 

Traps with rats 

/loftas railua 

R rallus 
ruftacciis 

R ralius 
iiroughtant 

Percentage of 
female rattus 
to total rattus 

Bandicoots 

Mice 



Total 

Females 

Totai 

V 

i ^ 

1 ^ 
s 

i, 

Mysore ! 

235 

41 

♦111 

66 

1 

103 

63 

i 

i 7 

3 

69 46 



Sira I 

260 

24 

65 

31 

47 

21 

18 ! 

1 

' 10 

47 70 

1 

1 

Davanagere 

374 

55 

203 

112 

180 

06 

23 I 

i 16 

55 20 


i 

Sagar 

413 

24 

42 

i 

24 

1 

18 

11 

57 14 

2 

i 

Sliimoga 

360 

35 

08 

60 

34 

19 

*62 

41 

62 50 

1 


Kolar Gold Fields 

456 

1 

51 

140 

68 

121 

58 

10 

10 

48 60 

1 

10 


* Includes special rats mentioned below 


Species and sex of rats (Table III) 

The rats trapped belonged to the species RaUus raiins Four varieties were 
observed (1) R ratlus rufescens — the common brown-bellied variety chiefly found 
inside houses (2) R rattus torouqlitont — the white-bellied form usually leading an 
outdoor life but frequently conaing into houses at night (3) A lemon-coloured 
variety, perhaps a colour variation of R ratius unouqhtom — this was found only in 
Shunoga Four of these were obtained These had transpaient ears and two pairs 
of pectoral and three pans of inguinal mammse It has been recorded that rats 
feeding on fruits of prickly pear developed this colour change on the belly fur, but 
this seems hardly credible (4) A variety with black fur all over the body, of which 
a single specimen was obtained at Mysore 

In Mysore, an urban area and Davanagere and Kolar Gold Fields — ^both great 
industnal centres — the percentage of R rattus wiougMoni to total R rattus was 
very low, being only 6, 10 and 14 respectively In striking contrast are Shimoga, 
Sagar and Sira which have extensive open areas all round the town In Shimoga 
R rattus wioughtoni is the predominatmg vaiiety (65 per cent), while at Sagar and 
Sira this variety accounts for 43 and 28 per cent respectively 

As regards sex, females were in slight excess, forming 55 per cent of the total 
The lowest percentage of females was at Sira (47 7 per cent) and the highest at 
Shimoga (62 6 per cent) This excess of females was particularly noticed in 
the white-bellied wroughtoni species where the percentage of females was as 
high as 62 
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Table IV 


Rat density [number of rats pei 100 iiaps laid) 


Place 

Bazaar 

GodoH ns, cotton 
> nulls, etc 

! 

Residential 

area 

Whole 

area 

Mysore 

190 9 

69 40 

13 9 

47 23 

Sira 

51 4 


145 

25 0 

Davanagere 

7.1 G 

42 7 

40 5 

54 3 

1 

Sagar 

12S 


80 

10 2 

Shimoga 

39 8 

0 21 

40 7 

26 7 

Kolar Gold Fields 

52 9 


17 25 

30 7 

Avbsaoes EOS State 

43 5 

40 3 

10 2 

j 313 


Rat density (Table IV) 

As seen, tbis general density varied a gieat deal , it was bigbest in Mysore In 
most places the density of lats was higher in the bazaai than in the residential area 
At Shimoga alone the lat density was about the same in the two aieas In Mysore, 
Sira, Sagar and the Kolar Gold Fields the residential areas yielded only a small 
proportion of rats, the density ranging from 8 to 18 At Ravanageie and Shimoga, 
however, the figure was higher, 41 lats being caught in each place for every 100 
traps set 

Table V 


Piegnancy and i eplemshnent late 


Place 

Percentage of 
pregnant rats 
to total g rats 

1 

Percentage of 
pregnant rats 
to total rats 

Average 
number of 
foetuses 

Replenishment 

rate for 100 
rats per day 

Mysore 

33 3 

19 3 

6 64 

13 6 

Sira 

26 0 

12 3 

51 

3 92 

Davanagere 

28 6 

16 8 

49 

4 84 

Sagar 

25 0 

14 3 i 

6 16 

4 61 

Shimoga 

38 3 

23 96 j 

50 

7 49 

Kolar Gold Fields 

33 8 

16 4 

i 

60 

J 

512 
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Pregnancy and REPLENisHiiENr rate (Table V) 

The percentage of pregnant females to total female rats varied from 26 to 38 3 
The average number of foetuses m pregnant females was fairly uniform in all the 
areas (4 9 to 5 1), except in Mysore City whcie it was nearly 6 6 The replemsh- 
ment rate for 100 rats per day varied from 4 in Sira to as high as 13 6 in Mysore 

Eat-plea survey 

Pour thousand five hundred and seventy-seven fleas were collected on R rattus 
during the survey All the three species of Xcnopsylla found on rats in South 
India were present Two specimens of Ctemcephalus weie also obtamed on rats, 
one at Sira and the other at Kolar Gold Fields X hraziliensis formed 61 per cent 
of the total fleas and so is the predominant species in this State The proportions 
of the three difierent species varied considerably from place to place 

The bandicoots harboured more fleas than R ratius and the average 
number of fleas per bandicoot was nearly 63 It is mterestmg to note that of 
the fleas on bandicoots as much as 88 per cent were X astia, 9 per cent 
X cheopis and only 3 per cent X braztUensts 

Table VI 


Sex propojhons 


Name of place 

Percentage of 
female fleas 
to total 
fleas 

Percentage of 
female X 
asiia to 
total X 
astta 

Percentage of 
female X 
brazthensis 
to total X 
brazihenaia 

Percentage of 
female X 
clieopxa to 
total X 
clieopia 

Mysore 

38 6 

\ 

63 7 

33 7 

45 4 

Sira 

447 

56 6 


38 6 

Davanagere | 

30 9 

64 3 

I 

26 1 

27 7 

Sagar 

36 3 

56 7 

35 1 

33 3 

Shimoga 

38 85 

6212 

38 13 

32 46 

Kolar Gold Fields 

442 

61 11 

39 5 

39 6 

TVliole State 

38 7 

571 

33 4 

36 7 


Sex proportions (Table VI) 

As seen, from 31 per cent to 46 per cent — average 38 7 per cent — of fleas were 
females 
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While the females of X cJieopis and X hazihensis formed only 36 7 and 33 4 
pec cent of then total, they formed as much as 57 1 per cent m the case of X aslm 
This definite feature — a high pioportion of males among X cJieopis and X brazi 
hensis and of females among X aslza — is also biought out when the figures for 
individual areas are examined separately This observation is in accord with the 
findings reported in the individual reports of the rat-flea survey of the Madras 
Presidency 

Distribution of fleas and flea indices 

The relative prevalence of the thxee species mentioned differed greatly m the 
places surveyed Thus, at Sira X hazihensis was entirely absent, while at Koiar 
Gold Fields this species was absent in the Robeitsonpet residential area and mthe 
cooly lines and present only in small numbers in the bazaar , further marked 
variations in the proportions of the difierent species of fleas were noticed between 
different parts of the same towm So, the flea population of each place will be 
considered separately 


Table VII 
Mysoie Oily 


Area 

General flea index j 

X asiia index 

1 ^ 

a 

e 

y 

o 

a 

eo 

I' 

V> 

H 

Percentage of AT asha to 
total fleas 

Percentage of X brazu 
hensia to total fleas 

Percentage of X cheopis 
to total fleas 

Percentage of It ratlus 

M ithout fleas 

Percentage of R ratlus 
•without Al astin 

1 Percentage of iJ ratlus 

1 ivithout X brazxhensis 

1 Percentage o£ R rattus I 
1 without X cheoptB \ 

Bazaar 

S 27 

0 98 

6 01 

2 27 

i 

119 

1 

60 7 

27 4 

1 

0 

50 8 

\ 48 j 

111 

Godowtts 

14 28 

0 52 

10 04 

3 72 

36 

70 3 

26 1 

40 

44 0 

40 

40 

Residential area 

6 74 

0 22 

3 96 

2 57 

3 2 

58 7 

38 1 

87 

82 6 

13 0 

217 

Whole area 

93 

0 72 

5 93 

2 66 

7 74 

63 7 

28 6 

2 7 

55 9 

‘ 63 

117 


My sole City 

All the thiee species of Xenopsylla were present X brazihensis predominated, 
formmg 64 per cent, X cheopis 28 per cent and X asha 8 per cent The percentage 
of cheopis to total fleas was a little higher in the residential area than in the bazaaf, 
while the percentage of astia was higher in the bazaar 

The godowns m Mysore gave a fairly high flea index (14 28) and this was mainly 
due to the higher pi oportiou of X hrazihensis found there The general and specific 
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uulices for the residences w cio fairly low, the and the braziliensts indices being 
lower than that of the b i/aar and godowns 

The index for cheopit> was fairly uniform The highei index for X brazihe‘)}ns 
111 the godowns is some evidence of the introduction of this species occurring through 
oxcliange of commodities 

In the ba^iaar all tlic lats were flea infested while in the residences nearly 9 per 
eent of the rats were devoid of fleas A very high percentage of rats (44-83 per 
cent) were without X astia on them, the residential area being particularly marked 
m this respect On the other hand as seen from the table, there were veiv few rats 
without cheojns or braziliensis except in the residential area This emphasizes the 
fact that if X astia plays any part at all iii the transmission of plague in nature m 
places like Mysore it is certainly very small indeed — figures for plague are in Table 11 
It also follows that plague is almost ceitamly cairied by one or both of the other two 
species clieopis and brazihensis 


Tvble VIII 
Siia 


J 

Area 

i 

O 

a 

i 

O 

53 

a 

a 

o 

O 

1 

1 

1 ; 

r< 

O 

*2 

s 

«c 1 

! 

X cheopis in<lo\ 

Percentage of X asha 
to total fleas 

Percentage of X cheopis 
to total flea'f 

Percentage of JJ ralUts 
without fleas 

a 

! ? 

^ 5 ! 

1 

1 

1 © 

t -S o 

1 a ja 

1 o -to 

i 2 % 

' a" 

1 ^ 

Percentage of R rallus 
without X cheopis 

1 

Ba/aar j 

9 66 

2 03 

7 53 

21 6 

i 78 2 

0 

10 5 

0 

Residential ! 
area 

13 56 

80 

10 58 

431 

56 9 

i 

37 

74 

1 

37 

1 

Whole area 

13 35 

454 

8 88 

1 

34 0 

65 9 

1 5 * 

i 

9 23 

1 

i 1 5 


Sira 

The most important feature in this place was the complete absence of X brazi- 
hensis The general flea index (13 35) was the highest among the places surveyed 
Another interesting feature was the unusually high flea index (18 56} for 
the residences with a corresponding high index for the two species of fleas 
present — X astia and X cheopis 

Seventy-eight per cent of the total fleas in the bazaar were X cheopis The 
proportion of cheopis in the residential area was a little loWer, only 57 per cent 
j, MR 5 
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^eiy few lats (only 1 5 pci cent) were without cheopis fleas The percentage 
of rats without X asiia was 10 5 in the buiSaai and 7 4 in tlie residential area 
The last attack of plague at Sua was ten } eais ago The town lias been free 
evei since Sua taluq lies adjacent to the Anantapiir distiict of the Madras Presi 
dency and is 33 miles mvai/fom the neaiesl unlumj station This isolation and the 
comparative absence of tiade and other actnity probably accounts for the absence 
of plague in the last ten yeais But since the climatic conditions in the months of 
October to Novembei aic suitable for tlie piopagation of plague and since X chops 
Is veiy numerous, Smi is liXehj to suffei scveicly should it get infected 

Table IX 


Davanageie 


Area 

General flea mde\ 

1 

£ 

c 

a 

X hrazthensis mde\ 

i 

i 

V 

Percentage of A' as! lu to 
total Iknb 

tt 

a 

^ a 
o 
c=: 

“SO 

O w 

I’d® 

5 2 

S -c 

d 5 

Cr, 

1 

1 ^ 

O s 

s 

- o 

5 

er 

1 

c*- 

: 1 1 

o 

00 

1 

1 ® 

1 ^ 

0 

5 ^ 

im < 

o 

% 2 

5 5 
a 

^ 2 
§ 

0 

c 

■ 

C 0 
< o X 

; o 43 

u« 

^ p 

•D 

■*- CO 

a -i 

^ o 

Of*- 

* 2 

43 0 

f p- 

Bazaar 

1 

4 6fl 

0 71 

2 1 ' 

1 

1 62 

15 1 

■)0 i 

34 6 

1 

0 92 

53 2 

183 

92 

Cotton mills and 
godo-(\ as 

6 59 

0 53 

1 S3 

4 04 

8 1 

27 7 

64 2 

1 

0 

76 6 

34 0 

10 G 

Residential area 

3 34 

0 81 

1 2 

1 36 

24 2 

35 0 

40 8 

8 51 

87 2 

36 2 

12 8 

Whole area 

4 84 

0 09 

1 07 

218 

143 

40 7 

45 0 

2 46 

66 5 

261 

10 3 


Davanagei e 

This town being an important cotton centre, separate data were obtained for 
cotton godowns and ginning mills 

The general flea index foi the whole town was 4 84 while the index for tb® 
cotton godowns and mills was 6 59 The astia index was below 1 m all the localities 
but was the lowest (0 53) in the cotton godowns The hiaziliensis and chop^ 
indices were almost the same in the residential aiea, while in the bazaai the biazi- 
hensts index was nearly double that of the i esidential area The index f oi cheops 
in the cotton mills was as usual high, being nearly thiee times that of the residences 
As was first reported m the South Indian survey lepoits by King and Pandit cotton 
seems to ofl:er exceptional good conditions foi the existence and multiplication o 
X cheopis This is boine out by the figures obtained at Pavanagere. 
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Sixty-foux per cent of all fleas lu tlie cotton godowns and mills n ere X cJieopis, 
IS compared ^v^tl^ 316 and 40 8 in the bazaar and residences respectively More 
than half the fleas from the bazaar weie X bwzthensis (60 3 percent), whereas 
the proportions elsewheie were only 27 and 35 per cent This higher proportion m 
the bazaai area again explains the association of this flea with trade 

Eegardiug prevalence of fleas on lats, it was interesting to observe that all the 
rats from cotton mills and godowns harbouied fleas and that the peicentage of rats 
Without fleas m the bazaars was less than one ^Istin-free rats were very common 
indeed, the variations ranging fiom 53 2 per cent in the bazaar to 87 2 per cent m the 
residential area X btazihensis was absent in 36 per cent of the rats from houses, 
1 e , nearly double that of the bazaai As remarked for Mysore these figures show 
how small a part if any is played by X asiia in conveying plague — (figures for 
plague m Table II) The figures also suggest that plague is carried by one or both 
of the other two species and, if both, that cheopis fiom its wider prevalence (as seen 
from the last column of the Table) is the moie important in this particular locality, 
which IS perhaps due to its being favoured by the local cotton trade 


Table X. 
Sagai 


Area 

X 

V 

'O 

3 

c3 

o 

W 

I 2 

dj 

Q 

o 

1 

a 

a 

H 

, X 

o 

n 

1 2 

to 

1 H 

1 ^ 

w 

2 

i \ 
° 

CO 1 

^ i 

1 

►a 

H 

Percentage of X asha 
to total fleas 

Percentage of X hrazt~ 
Itensis to total fleas 

Percentage of X cheopis 
to total fleas 

Percentage of R mttus 
nithout fleas 

Percentage of JR taiius 
mthoutX asha 

§ 2 

2 1 

‘o'® 

■g 5 
£■5 j 

Percentage of Jt raltus 
wthout X cheopis 

Ba/aac 

1 

9 83 


6 25 

28 

8 05 

63 14 

1 

28 4 

0 

54 2 

42 

20 8 

Residential area 

8 78 

OOll 

6 72 

14i 

698 

[ 76 58 

16 46 

1 0 

444 

50 

27 7 

Whole area 

9 38 


0)45 

i 

2 21 

7 61 

08 78 

23 61 

0 

50 0 

■ 

48 

23 8 


Sugar 

The general flea index as also the indices for X asUa and X brazihensis were 
fairlv uniform in the different parts of the town The flea index was high, mainly 
due to the higher proportion of X brazih&nsis on rats The hrazihensis index was 
nearly three tunes that of X cheopis and mne times that of X asha The cheopis 
index of the residential area was only half that of the bazaar. 
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X biazihensis foimed tho ma]oiit) of the fleas — GO pei cent The proportion 
of this species in the difleicnt localities was also hip[h and the fairly uniform index for 
both the bazaar and the residential area is suggestive of wide prevalence 

All the lats caught m this place harboured fleas A high proportion of the 
rats (50 per cent), however, did not have X asha on them Very fen rats (4 8 per 
cent) were without X brmiliensis, while pats svithout X cJieojns were neorly 23 8 
per cent of the whole 

The comparatively high hoziliensii, index in the different parts of the 
town, the higher proportion of this particular spceics among the fleas collected 
and the small number of rats not harbouring X biazihensis, all suggest that 
this species is well established in this town 


Table XI 
Shimoga 


Area 

General flea index 

1 

c 

H 

1 ! 
H ; 

o 

^2 

•0 

g 

H 

5* 

u 1 

Percentage of X ustia 
to total fleas 

Zi 

•c c: j 

^5 i 

u-O 

O : 

O 3 ' 

t/J 

-2 2 
c 2 
o s ' 

y W 

c 

1 

^ — 
tc-3 

ts o 

Si 

O o 

— 

2 ! 

W-. 

! 

5 0 i 

C JZ 1 

o 1 

^ ; 1 

o 

ss 1 

cc 

Vm 

Si-e 

S 5 
g5 

^ i 

2 2 
is S 

3 si 

K ^ 

^ 0 

S' k 

5 3 

3 2 
oX 

O 

u ^ 1 
« ? 1 
3^ j 

1 «5 

3 

B ^ 

"s' 

w 

A. 

Ba7aar and godoB ns 

1 GSl 

i 

0 5S 

4 5R 

1 7 

S4> 

GO 70 

24 79 

! 

192 

i 

59 G1 

11 54 

23 08 

Residential area 

^ 7 73 

1 

0 S2 

4 57 

2 34 

10 6 

59 12 

30 28 

0 

45 45 

22 72 

1130 

Whole area 

7 24 

0 00 i 

1 

4 50 

20 

9 5 

6.3 02 

27 48 

104 

53 12 

16 67 

17 71 


Sliimoga 

The flea index was nearly the same for the bazaar and the residences, and fairl) 
high The asha index was below 1, while that of cheopis was more than double 
that of asUa The index for h azihensis was 4 56 and the high flea index (7 24) 
was mainly due to this species The number of cheofis per rat was higher m the 
residential area than in the bazaar 

As at Sagar, the proportion of hiaziheiisis to total fleas was very high, nearly 
63 per cent of the fleas belonging to this species The percentage of cheops to 
total fleas in the residences was also higher than that of the bazaar 

Most of the rats in the town had fleas on them (99 per cent) The percentage 
of rats without X asha was, however, high (63 12) 
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The figures obtained liorc suggest that X bnizilienbit, and X cheopts, parti- 
cularly the former, have an even and ividespread distrilnition in this town, and that 
one or both species, and not ablta are responsible foi caiiving plague 


Table XII 
Kolar Gold Fields 


j 

Area 

i 

General flea indo\ 

✓ 

H ' 

O 1 

*9 1 

'C 1 

5 1 

3 ] 

3 1 

^ i 

^ 1 

! 

1 . 1 

Cf 

3 

<0 

1 

Percentage of A astta 
to total fleas 

Percentage of X hrazi 
hensm to total fleas 

Percentage of X rheopxs 
to total fleas 

Percentage of H raltus 
ivothout fleas 

Percentage of B raltus 
without X astia 

Percentage of Ji raltus 
without X brazxliensis 

Percentage of B raltus 
uithout X cheopis 

1 

Ba^aitr ' 

341 

0 47 

0 42 


1 

13 87 ! 

1 

I 

12 26 

1 

73 87 

14 

64 83 

72 32 

16 48 

Eobertsonpet residcn j 
tnl area 

1 

70 1 

1 j 

11- 1 

1 

0 

1 

6 83 

16 8 ' 

0 

812 

12 2 

46 31 

100 

12 2 

Cooly lines 

1 3 62 ' 

3 13 

0 

0 48 

1 93 02 

0 

6 98 

12 5 

25 0 

100 

62 5 

Whole area 

430 

1 

09 

i 

0 271 

i 3 17 1 

1 1 

20 7 

1 

6 24 

72 01 

7 14 

57 14 

82 14 

17 86 


Kola} Gold Fields 

The flea indices in this place differed markedly in the different localities 
surveyed While the general flea index for the whole area was only 4 35, the rats 
from houses in Eobertsonpet had an index of 7 X hrazihensis was practically 
absent in this mining area, an index of only 0 27 being obtained for the whole town 
This species was present only in the bazaar and was totallj absent on rats from the 
cooly lines and houses in Eobertsonpet The absence of this species from areas 
such as this where bazaai and trade conditions are at a minimum again emphasizes 
its association with these conditions Its presence in the bazaar only suggests its 
gradual introduction 

Eegarding cheopis, while the index for this species at Eobertsonpet was fairly 
high, it was below 1 in the cooly lines The samtation m the cooly lines is undei 
the control of the mimng authorities and a rat gang is continuously worlang through- 
out the veai At the different mines in the Kolar Gold Fields there aie gangs of rat- 
catcheis working under the supervision of sanitary overseers Eodents are, not 
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trapped but aie dug out of buiiows aud killed The buirows aie sometunes esten 
sive and the laboiu: involved in tiacing up a bunow i& aiduous but once the end of 
the bunow is leached, a whole family of rodents ran be exterminated Compared 
with its expense the value of this method is doubtful, foi in a large proportion of the 
buirows only mice aie found The cooly lines mainl} consist of huts having a 
single room with a verandah outside Tlie loof is of zinc sheets aud the sanitary 
condition of the lines is bettei than that of Kobeitsonpet At the instance of 
the Health Officer, Kolai Gold Fields, a few lats veie trapped in Block I where 
plague first starts almost eveiy year The fleas found on these rats were mainly 
X cheopis 

In the cooly hues only 7 jioi cent of the fleas weie cheopii>, while 93 pei cent 
were X asUa The position was leveised in Robeitsonpet where 83 per cent of the 
fleas on rats were X cheopis Again, in the cooly lines as much as 62 5 per cent of 
the rats were without X cJieopts, while in Robeitsonpet the percentage of lats 
without X cheopis was much less — 12 2 per cent Thus, the interesting features 
regaidiug fleas in this place were — 

1 The absence of X htazihensu in all places except the bazaar ivherc a fen 
wciG obtained suggesting lecent mtioduction 

2 The greater number of cheopii> on rats in llobcrtsonpet as compared \Mth 
the cooly lines — improved sanitatrou aud organized rat destruction by the opening 
of burrows are probably contributory causes 

3 A higher cheopis index for rats caught in an area where it is reported that 
plague usually starts 


Table XIII 


Compa) ison of places sui veyed 


Name of 
place 

[ Altitude 
(in feet 

1 above sea 
level) 

! 

A\eiago 

annual 

rainfall 

Flea 

mdei. 

1 

X ttslui 
index 

X brazi 

ludei. 

X chcoj)iS 
index 

Number of 
deaths from 

year pci r,uuu 
of population 
(1922-1931) 

Davanagere 

1,927 j 

24 0 

4 84 

0 69 

1 97 

2 178 

17 4 

Mysore 

2,525 

28 9 

93 

0 72 

5 93 

2 66 

92 

Shimoga 

1,899 

31 8 

7 24 

0 09 

4 56 

20 

83 

Sagar 

1,960 

100 0 

9 38 

0 71 

6 45 

2 21 

1 

52 

Kolar Gold 
Pields, 

2,900 j 

29 0 

4 35 

09 

1 

0 27 

I 

3 17 

OSl 

Sira • . 

. 

2,223 

IS 13 

1 13 35 

4 54 

1 


8 88 

014 
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Comparison of places surveaed (Table XITI) 

The first strilvUig fact of the compansou given m the table is the relatively very 
high flea indices foi astia and c/ieopii m Sira with tJie comparative absence of plague 
which IS accounted foi by the special local conditions The next striking fact is 
that, apart from this exception, while the indices foi asha and cheopis vary very 
little from place to place, the index foi braziliensis varies a great deal This is 
so striking that we aie templed to conclude that there is some special factor or 
set of factors that affects tins species alone One of these factors may be climate, 
particularly humidit} , foi it ivas most abundant in Sagar which has the highest 
rainfall, and least abundant — absent — in Sira, with the lowest rainfall But it is 
doubtful wlielhei this can bo the mam factor, for the climate of Sira was good 
enough from a general rat-flea point of view to give the highest general flea 
index , fuither the diflereuccs between the other towns do not coiuespond with 
climate One possible factoi — the giam trade — will be discussed m the next 
section 

The column for plague figures does not bring out any striking fact, but it is 
to be noted that the relatively high incidence of plague m Davanagere may be 
associated with its beiug a cotton centre and thus exposed to more importation of 
adult fleas which alone can cany infection The lessened importation of infection 
possibly explains the small figure for plague in Kolar and Sira, for these two towns 
compared with the others are conspicuous for the comparative absence of the giain 
and cotton trades 

It IS difficult to draw any certain conclusions as regaids the association of flea 
species with plague The first four towns have suffered moderately severelj from 
plague, the last two very little The X asita index is practically uniform except 
for the high figure in the last town The small index for asha and as noted under 
Mysore, Davanagere and Shimoga, the high figure for the peicentage of rats free 
from this species make it almost certain that X astia plays piachcally no part in the 
transmission of plague in Mysore Stale The ckeopis index is roughly the same in 
the first four and is higher in the last two As noted for the three tow ns that mostly 
suffered from plague — Mysore, Davanagere and Sliimoga — , cheopis is very well distri- 
buted, so that, although the index is not high, it almost certainly plays its part in the 
dissemination of plague The braziliensis index is definitely higher in the fiist foui 
and is low or nil m the last two , further as noted m the local reports it is well distri- 
buted So apart from the comparatively low index for braziliensis for the first town 
(Davanagere) which suffered most heavily from plague — which we have associated 
with c/ieojii s and the cotton trade there — , Table XIII as a whole suggests the associa- 
tion of X braziliensis with the transmission of plague lu nature, but no certain 
conclusion can be draw n from these figures since cheopis — a known carrier— is also 
present As foimd by Webster and Cbitre (1929) m rat pit experiments X brazi- 
liensis carries plague very easily 
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Table XIV 


Flea index for Mysore Stale 


Nature of 
area 

FLbA INDEX 

.Y aslia INDEX 

X iracificnsisiNDEX 

X cheoj}l3 INDEX 

Highest 

'n 

o 

jS 

o 

A\ erage 

Highest 

i 

Cfl 

<y 

o 

1 

o 

to 

S i 

< i 

f 

mJ 

To 

1 i 

! 1 

1 o 

1 "" 

o * 

to 

2 1 

o ! 

Highest 

35 

sj 

0 

0 

to 

cj 

u 

O 

Residences 

18 50 

( 

2 14 

7 74 

i 

SO 


1*87 

C72 

0 

2 25 

10 56 

1 36 

363 

Bazaar 

i 

3 41 

G 1 

2 OS 

0 47 

0vS2 i 

i 

G 25 

0 

2G5 

7 55 

162 

2 63 

Godowns 

j 

14 3 1 

i 

1 

1 14 3 

( 

j 0 52 



10 04 


10‘04 

3 72 


3 73 

Cotton mills 
and cotton 
godowns 

0 50 

1 

CG 

1 

' 0 53 

i 

1 

0 53 

! 1S3 

i 

! 

I 

1 1 S3 

1 

4 23 

1 

4*23 

Whole aiea 


i 1 

1 



1 12 



2 74 

1 

1 


31 


Comparison of localities (Table XIV) 

Geneial flea index — The figures show, firstly, how much moie abundant rat- 
fleas are in godowns than elsewheie and, secondly, that they were as abundant, 
in fact, even a little moie abundant, in ordinary houses and huts than in bazaar 
areas 

X astia — As seen, the index is low, but is definitely highei m residential huts 
and houses as compaied with bazaars, etc , i e , it is common in the periphery 
This, with its being the commonest flea on field rats and bandicoots 
(see above) confiims King and Pandit’s conclusion as to its probably being an 
indigenous flea 

X brazihensis — A most strihing fact is its abundance in godowns, which were 
almost all grain godowns, and its relative scarcity in cotton mills and cotton godowns 
It seems to be definitely associated with the grain trade It being the only species, 
whose index m bazaar aieas was higher than in residences, is in line with this K is 
probably the main factor which was being searched for in the previous section to 
account for the diffeiences between the surveyed towns as regards its prevalence 
Thus, Sira and Kolar Gold Fields with the lowest hi azilicnsis indices have not got 
either the grain or cotton trade The absence of the cotton trade cannot be the 
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explanation, foi, as seen from the table, tins species was lelatively least abundant 
in cotton mills and godowns Thus, the last two tables definitely suggest a special 
close association between X brazihejisis and the gram trade 

Conclusions 

(1) The white-bellicd R rallus wroughtom was common and m some cases 
predominated over the ordinary brown-bellied [mjescens) variety 

(2) As regards sex, females were in slight excess forming 55 per cent of the 
total rats This excess was particiilaily marked m the white-bellied variety where 
the percentage of females ivas as high as 62 

(3) The three common South Indian species of Xmojmjlla weie found Then 
relative prevalence is best shown by the specific indices for the whole area — 


X 

asha 

1 12 

X 

brazihensis 

2 74 

X 

cheopis 

3 1 


(4) While the females of X cheopis and hazihensis formed only 36 and 33 
per cent of the total, they formed as much as 57 per cent in the case of X asUa 
suggesting a more rapid leaving of their host for egg laying m the case of the former 
two species and so possibly better breeding power 

(5) The species commonest m the following localities were as follows — 

{^) On field rats and bandicoots — X asha 88 per cent 

iyi) Residences — X cheopis index 3 62 forming 47 per cent of the total 
{til) Bazaars — X brazihensis index 2 6 forming 43 per cent of the total 
(w) Godowns (mainlj gram ) — X biazthensts index 10 forming 70 per cent 
of the total 

(v) Cotton mills and godowns — X cheopis index 4 2 formmg 64 per cent 
of the total 

(6) Certain facts strongly suggest the association of X cheopis with the cotton 
trade and of X braziliensis with the gram trade, and wath these two trades, it is 
known, and there is also evidence here, that plague is associated 

(7) While, as known, the transmission of plague is certainly associated with 
X cheopis, certain facts suggest that here it is also associated with X brazihensis 
On the other hand, there is definite evidence that the tiansmission of plague 
IS not associated with X astia 
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THE INFLUENCE OF BLOOD GROUP IN CERTAIN 
PATHOLOGICAL STATES 

BY 

Captain P N MITRA, mb, dim, 

Teciche) of Pathology, B IT'' i¥ School, Dibrugath 

[Rccencd for pulilieation, October 27, 1032] 

The wiitoi lecently ntade au attempt to find out if blood gioup lias any 
influence on the incidence of disease and worked out the blood gioup of 2,000 persons, 
sick and healthy, the lattei to serve as controls The sick included consecutive 
admissions to hospital, of men and women of all castes and creeds, for all sorts of 
diseases, without any selection 


Ta6le I 


1 

1 

J 

Group A 

Group B 

Group AB 

Group 0 

Total 

Number 

Per cent 

Number 

Per cent 

Number 

Per cent 

Number 

Per cent 

Sick only 

349 

23 67 

482 

1 

32 7 

146 

90 

497 i 

33 71 

j 1,474 

Healtliy controls only 

142 

! 26 99 

169 

32 12 

39 

7 41 

176 

33 46 

; 526 

Sick and healthy both 

i 491 

24 55 

651 

32 56 

' 186 

9 25 

673 

33 65 

2,000 


Table I shows the distribution of the sick and the healthj according to their 
blood groups Some differences in the percentage distribution aie at once seen 
and the question suggests itself whether such differences represent a differentiated 
sample of the general population or simply represent chance variation To put it 
in a different vav, what is the probability that the one distribution is really different 
from the other to a greater degree than could reasonably be supposed to have arisen 
by the operation of chance alone * 

{ 996 ) 
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Pearson (1911-12) shows that if we let the population from which the tivo 
samples, if undilferentiatecl, are supposed to be drawn, be given by the class frequen 
cies nil, 

The total population being i¥, and let the samples be given by the frequencies 
in the same classes — 

Total 

First sample /, /. /j f f ft ^ 

Second sample f's 

Where the totals N and iV' diffei widely oi little, and then form a quantity, 

1 4+/';, J 

Where S^ denotes summation of bice quantities fiom 1 to i, that then the required 
probability that the two samples are undifieientiated, i e , did come as random 
samples fiom the same population, may be found by working out the value of P 
corresponding to the ascertained a- and (the number of classes) from the tables 
given on pages 26 to 29 of Peaison’s ‘ Tables for Statisticians and Biometricians ’ 




Group A 

Group B 

Group AB 

Gioup 0 


Totai 

Sick only 

(1) 

340 

182 

146 

197 

/ 

1,474 

Healthy control 

1 {«) 

142 

169 

39 

176 

P 

526 

(i) + (») 

(n>) 

491 

631 

185 

673 

f+P 

2,000 

(i)/1474 

O') 

0 2367 

0 3270 

0 0990 

0 3371 



(u)/o26 

(V) 

0 2690 

0 3212 

0 0741 

0 3135 



(iv)-(v) 

(vil 

0 0332 

0 005S 

0 0249 

0 0216 

fi'N-ny' 


vSc[uaie of (vi) 

(vn; 

0 00100324 

0 00003364 

0 00062001 

0 00046656 

(py-piyp 


(vii)— (lu) 

(vm) 

0 0000020 

j 

0 00000005 

0 0000031 

0 00000007 

wy-piyp 

! /+/' 1 

1 

0 O0000G15 


a;2=WiWxO 00000615 = 1,474x526x0 00000615 = 4 76824260 = say 5 


If a;2=5 and then P according to the tables=0 171797 That is to say 
there are 17 chances in a hundred in favour of the samples being random samples 
from the same population that is to say the sick, collectively, and the healthy do 
not difter materially in their blood gioups 

It appears fiom the above that if all soits of sick aie taken then theieis no 
distinction in the distiibution of blood groups between them and the healthy The 
sick was then classified according to the diseases and the distribution of each disease 
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was studied sepaiulely Table II shows the poKentage distribution of the various 
diseases according to then blood groups 


Taule II 


Diseases 

Total number 

Gkoui> a 

Gnoui B ! 

! 

Gnorr AB 

Gboot 0 

Remabks 

Xumbcr 

Per cent 

Number 

Per cent 

. 1 

qj 

H 1 

p 

J?; 1 

Per cent 

Number 

Per cent 

Malana 

2Ga 

! 

21 88 

96 

3b 22 

22 

S30 

89 

33 58 


Other protozoal infections 

5} 

t ‘t 

16 38 

i ig! 

[ 30 18 

4 

7 54 

24 

45 28 

1 Includes only amce 











biosis and leish- 











1 mamasis 

All protozoal infections 

318 

i 67 

21 06 

1112! 

1 

,35 20 

26 

817 

113 

35 53 

1 

1 

Helminthiasis 

i 

i 112 

27 

1 

24 10 

31 

27 67 

18 

16 07 

36 

j 

32 14 


Of the digestive system 1 

U1 

34 i 

j 25 95 

49 

1 37 40 

6 

4 38 

42 

32 06 


.. skin 

127 

36 

i 

28 34 

37 

29 13 

13 

10 23 

41 

32 28 

1 


.. . eje 

03 

21 

22 )S 

31 j 

33 33 

12 

12 90 

29 

31 18 


„ „ nervous system 

41 

S 

19 5] i 

1 

13 

1 


7 

1 

17 07 

13 

31 70 

1 


Mahgnant disease 

Ifi 

1 

6 25 

4 

25 00 

6 

31 25 

6 

37 25 

1 


Syphilis 

41 

8 

19 51 

13 


3 

7 31 

17 

41 46 


Leprosy 

14 

6 

1 1 

42 84 

3 

2142 

2 

14 28 

3 

21 42 


Tuberoalosts 

77 

15 

19 48 

28 


7 

9 00 

27 

35 06 


Pneumococcal infections 

26 

5 

19 23 

6 


1 

5 1 

19 23 

10 

38 46 


All bacterial infections 

284 


24 64 

96 

33 80 

28 

0 85 

90 

31 69 


Of the respiratory system 

44 

8 

18 18 

16? 

34 01 

1 ! 

2 27 

20 

45 45 

Excluding pneumo 








i 



cocoal infections 
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Calculcated according to Peaison’s formula, in no di&ease did the affected popula 
tion appeal as diffeientiated samples fiom tlie gcneial population, except in the 
cases of helminthiasis and malignant disease The last ti\o will therefore be 
examined in gieatei detail 


i 

Group A 

- 

2 1 

3 

O 

5 

Group 0 


O 

C-’ 

other persons 

{•) 

461 

62(1 

167 

637 

I 

1,838 

Helminthiasis cases 

(») 

27 

•n i 

18 

36 

/■ 

112 

(!) + (») 

(«•) 

1 1 

lai 

6>1 

i 

1S“> 

i 

673 

1 

/+/’ 

2,000 


Calculating as befoie the value of UHLjJJSLP — o 00003377, so x- 

= N iTxO 00003377 = 1, 888 X 112x0 00003377 = 7 14086912 = say 7 

According to the tables when ^2=7 and ^?'=4, P=0 071897 Or m other 
woids there are only seven chances in a hundied in favoiii of the samples being 
undifferentiated ones These are probably differentiated 

I shall examine these figures a little more in detail with a Me^ to find out the 
exact point of difference, with the help of anothei foimula of Pearson (1907) 
Let it be supposed that a first sample of n—p+q be drawn from the popula- 
tion, p denoting the numbei of times the event dealt with occuis in the n tiials, 
and q the number of times it fails 

AViite = |- 

whence, of course, p-\-q ~ 1 

we then have for the chief constants of the eiioi distiibution for a second sample 
of magmtude m drawn from the same population the following values — 

Mean = mp + , 7^3 

Mode = the integral poition of mp-\-p 

. = standard dev.at.on ={,„ (j, + (j + ^1) }I 

Probable error = P E = ± 0 67449 o- 

I shall start wdh group A of the helminthiasis cases 

In this case, n = 1,888 ’ 


p — 464 = 

g ~ 1,424 = 
m ~ 112 


17885 = 0 2«7 


p-q = 0 7643—0 2467 = 0 6086 
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Here mean = 112x0 2157 + X 0 5086 27 5184 + 0 059 X 0 5086 

27 5181 + 0 08 = 27 5181 
Mode = 27 5181 4- 0 2157 = 27 7641, i c , 27 

'= {112(02157 + "™“) (075,13-i“«) (l + ji^) 

{ 112 (0 2157 + 0 0002) (0 7543-0 0002) x 1 05}i 
= { 112 X 0 2159 X 0 7541 X 1 Oo}’ = ■[ 117 6 X 0 2459 X 0 754l}i 
= +2179 = 4 66 


P i? = ± 0 67449 X 4 66 = ± 3 14 

Now the actual imrahei of helminthiasis cases in group A is 27 This agrees 
mth the expected number as calculated above 
In group B of the helminthiasis cases, 
n = 1,888 

j) = 620 = 

q = 1,268 = 
m = 112 

q~p = 0 6717-0 3283 = 0 3434 
Mean = 112 X 0 3283 + X 0 3434 = 36 7696 + 0 02 = 36 8 


020 
1,888 ' 
1,268 


1,888 


0 3283 
0 6717 


cr as calculated above = 5 07 
P P = ± 0 67449 X 5 07 == ± 3 4 

So the mean with its probable error is 36 8 ± 3 4 The actual number of 
helminthiasis cases in group B is 31 and agrees with the expected number as calcu- 
lated above 

In group AB of the helminthiasis cases, 

n = 1,888 

162 = iS = " 

J = 1.221 = S = 0 9116 

q—p = 0 9116-0 0884 = 0 8232 
m = 112 


Mean = 112 x 0 0884 + X 0 8232 = 9 90 + 0 048 = 9 948 


Mode = 9 90 + 0 0884 = 9 9884, i e , 9 

.= { U2 (O 0884 + “ig? ) (O 9116 - ) (l + 


Jll') u 

1 , 891 ,/ / - 
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= I 112 (^0 0884 + 0 0004) (^0 9110-0 0004) (^M2^^) J 1 

= { 112 X 0 088 X 0 9112 x 1 Oo}-’ = VTWi = 1 02 
PE = ± 0 67449 o- = ± 0 67449 X 1 02 = ± 0 68 

So the mean with its piobable eiror = 9 948 ± 0 68 = say 10 The actual 
number of helminthiasis cases in gioup AB being 18, is certainly much more than 
expected 

In group 0 of the helminthiasis cases, 
n — 1,888 

?>= 03373 

? = 1'251 = tS = 0 6627 

q-^ = 0 6627—0 3373=0 3254 
m = 112 

Here mean = 112 X 0-3373 + X 0 3254 = 37 789 

o- = 6 08 

Probable error = ± 0 67449 X 5 08 = ± 3 42 
So the mean with its probable erioi = 37 789 ± 3 42 

The actual numbei of helminthiasis cases in group 0 being 36 the agreement is 
very close 

So the distribution of groups A, B and 0, among the cases of helminthiasis is 
normal, but there is a preponderance of persons of gioup AB 
Turning next to the cases of malignant disease we see that 


1 

Group A 

Group B 

1 

Group AB 

Group 0 

1 

Total 

Remarks 

other persons 

i 

h) 

490 

647 

180 

667 

/ 

1,984 


Malignant disease 

(h) 

j 

1 

4 

> 

6 

r 

16 

Includes only 
cancer and 









“larcoma 

(0 + (“) 

(in) 

1 

491 

651 

185 

673 

1 

j+r 

2,000 



Calculating as before we find that ^ — 0 0003461 

0,2 = NN' X 0 0003461 = 1,984 x 16 X 0 0003461 = 10 9865984 = say H 
If a;2 =; 11 and n' — 4 then F according to the tables = 0 011726 = say 0 01 
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That i& to say there is only one chance ui a handled in favour of the samples 
being random samples In other words the probabilities are that they are differen- 
tiated samples 

I shall now take the different groups of the malignant disease one after another, 
and begin with group A 


Here 


n = 1,984 
ji = 490 ~ 


490 

1,984 


= 0 2469 


q = 1,494 = 


1,494 

1,984 


= 0 7631 


2-p 0 5062 


m ~ lb 


Mean 

Mode 


16X0 2469 -}- X 0 6062 =r 3 956 

16X0 2469 + 0 2469 ^ 3 9504 ~f 0 2469 == 4 1973 4 

(16 (02466+ ») (07631- (l + ]l 

1 72 


Probable error — ± 0 67449 X 1 72 = ± 1 16 

The actual number of cases of malignant disease m this group being 
only one, is four times less than the most probable expected number, namely 
four 


In group B of the malignant disease, 
n = 1,984 

?= ««= “"3261 

g = 1.337 = (5 = 06739 
q—p = 0 6739—0 3261 = 0 3478 


m = 16 


Here mean = 16x0 3261 -f ^ X 0 3478 ==5 212 


O' 


■= { 18 (0 3261 + (0 6739 - 

== Vzm = 1 97 


0 3478 
1,986 


) (^ + lilf) }- 


PE = ± 0 67449X1 97 = ± 1 33 

So the mean with its probable error = 5 212 ± 1 33 The actual number 
of cases of mahgnant disease m this group being four, the agreement is very 
close 


J, MB 


6 
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In gioup AB of the malignant disease, 
n = 1,981 

f= 180 = = 00907 

} = 1,804 = = 0 9093 

q-p = 0 9093-0 0907 = 0 8186 
on — 16 

Here mean = 16x0 0907 + X 0 8186 = 1 456 

1,98b 

Mode = 16X0 907 + 0 0907 = 1 5407 = 1 
«. = { 16 (O 0907 + (O 9093 - (l + j|-,) )1 

= VTu = 12 

PE = ± 0 67449X 1 2 = ± 0 81 

The actual numbei of malignant disease cases m this group being five, is five 
times the modal or the most probable numbei and ovei twice the mean with its 
probable eiror 

In group 0 of the mahgnant disease, 
w = 1,984 

P ^ 667 = = 0 3361 

q = 1,317 = ^ = 0 6639 

q—p = 0 6639-0 3361 = 0 3278 
on = 16 

Here mean = 16 x 0 3361 + X 0 3278 = 5 38 

Mode = 16 X 0 3361 + 0 3361 = 5 7137 = 5 

. = { 16 (0 3361 + (0 6639 - (l + jjs) }' 

= 199 

PE ± 0 67449X 1 99 = ± 1 34 

Here the actual figure is six in this group and is within range of the mean 
So it IS seen that, m malignant disease, the distribution of groups B and 0 is 
normal, group A is diminished and group AB is increased 

The mcrease in group AB in malignant disease has previously been noted h} 
other observers But Schiff contends that this apparent increase is due to pseudo- 
agglutination, which occurs in cancer Snyder (1929) also says that pseudo-agglMi- 
nation occurs m rheumatism, tuberculosis and pneumonia 
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Tubeieulosis 


1 

1 

i 

Group A 1 

Group B 

1 

i 

Group AB ; 

Group 0 


Total 

other persons 1 

i 

(0 

47 C 

623 

i 

178 

646 

/ 

1,923 

Tuheroular persons 

1 (11) 

15 

23 

1 7 

1 

27 


77 

(0 + ( a ) 

(Ul) 

•101 

G51 

185 

673 

/+/' 

1 

1 

2,000 


Here = 0 00000841 

X- NN' X 0 00000841 = 1,923x77x0 00000841 =- 1 24527711 = say 1 
If = 1 and n' = 4 then P = 0 801253 ~ say 0 8 

That IS to say there are eighty chances to a hundred in favour of the two 
samples being random samples from the same population These are not 
differentiated samples 


Pneumococcal infections 


j 

Group A 

j 

Group B 

Group AB j 

Group 0 

0 

i 

1 

Total 

Other oases 

1 

1 1 

1 (1) 

486 ' 

1 

645 ! 

180 

663 i 

1 

/ 

1,974 

Pneumococcal infections 

(u) 

6 

6 

5 

10 

r 

26 

(i) -f (ii) 

(m) 

491 

1 

j 

651 

1S5 

673 

t 

f+r 

\ 

2,000 


Here ^ ^ 0 0000773 

= NN' XO 0000773 = 1,974 x 26 x 0 0000773 = 3 9642632 = say 4 

If a;2 4 and m' ~ 4 then P — 0 261464 = say 0 3 

That IS to say there are thirty chances to a hundred in favour of the samples 
being random samples from the same proportion The samples then are not 
differentiated samples 

So, it IS apparent that the distribution of blood groups in tuberculosis and 
pneumococcal mfections is normal Pseudo-agglutination has not affected the 
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results The technique has been correct There is then no reason to beheve 
that pseudo-agglutination has vitiated my results in malignant disease and 
helminthiasis 

Conclusion — Persons of group AB suffer from an increased liability to malig- 
nant disease and helminthic infections Persons of group A are expected to show 
a diminished Lability to malignant disease 
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Chopra and David (1927) publislied the first account of the pharmacological 
action of qmnamine, a comparatively httle-known alkaloid of cinchona bark, which 
was isolated by Hesse 

Qmnamme is a dextro-rotatory alkaloid and has marked pharmacological 
actions Chopra and David foimd that this was the most powerfully acting alkaloid 
of cinchona on plain muscle like the uterus They found that qumamine had a 
somewhat weaker action on the circulation than other alkaloids of the cinchona 
bark, causmg a transient fall of blood-pressure, and decreasing both the force and 
frequency of the cardiac beat The present work was undertaken to elucidate 
further the action of this drug on the heart with special reference to its possible 
usefulness in the treatment of auricular fibrillation The work has been rendered 
possible by the courtesy of G E Shaw, Esq , Quinologist to the Bengal Government, 
who supplied us with sufficient quantities of the alkaloid, and our thanks are due 
to hun 

Experiments were done on the hearts of dogs, cats, and frogs Urethane 
ansesthesia was used in the case of dogs and cats The results of the experiments 
are as follows — 

On blood-pressure — Qmnamine when given mtravenously in small doses to 
experimental animals has only a sbghtly depressmg effect on the blood-pressure 

( 1005 ) 
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Five milligrams hardly produce any effect m a cat of average size Between 
5 and 10 mg , the fall is well marked, but the pressure quickly recovers its 
original height This fall is in no way affected after section or paialysis of 
the vagi 

Chopra and David (1927) pointed out that qumamine causes a well-marked 
rise in the volume of the intestines which is even more appreciable in the case of the 
spleen This dilatation of the splanchnic vessels partly contributes to the fall of 
blood-pressure A duect depressant action on the heart which is mentioned here- 
after IS another contributory cause 

On the heait — Graph 1 shows the effect of qumamine on the auricle and the 
ventricle of the cat. A continuous injection of the drug was given mto the saphenous 
vein and records of the auricular and ventricular tracings were taken It is 
noticed that up to 5 milligrams no appreciable fall of blood-pressure occurs 
but there is a progressive stimulation of the auricular contraction The 
ventricular contractions are unaltered With larger doses the blood-pressure 
graduall}. falls and the transient stimulation of the auricle tends to disappear 
With much larger doses both the auriculai and ventricular contractions are 
depressed and the faU of blood-pressure is greater The initial stimulation of 
the auricle might be due to a stimulation of the sympathetic mechamsm or a 
depression of the vagus neive After doses of ergotoxm which abolished the 
pressor action of adrenalin, the stimulation of the auricle still occurs with 
qumamine But this effect is absent both after section of the vagi m the 
neck (Graph 2, a) and also when the vagus nerve-endings m the heart have been 
paralysed by injections of atropine Qmnamme theiefore appears to act on the 
cardo-inhibitory centre m the medulla reducing the tone of the vagus and this is the 
cause of the initial apparent stimulation of the auricle observed after small doses of 
qumamine With large doses, the diiect depressant action of the drug on the 
caidiac muscle overshadows the result of vagal depression and then a pmely depres- 
sant effect is noticed both on the auiicle as well as on the ventricle A gradual 
weakening of the heart-beat, dilatation and final arrest m diastole complete the 
picture 

Perfusion experiments both on mammalian and amphibian heart show that 
even high dilutions such as 1 m 320,000 cause a dmimution of amplitude and 
weakemng of the heart, due to a direct muscular effect Continuous perfusion of 
the isolated heart of the frog was done with the aid of Clark’s cannulse, one being 
tied mto the smus venosus , the other leadmg the perfusion fluid from the heart 
through the truacus arteriosus back to the first perfusion cannula As small a 
dose as 0 003 mg of qumamine m the perfusion fluid causes an appreciable 
weakemng of the systole and a dilatation of the heart (Graph 2, c) Graph 2, b 
shows the depression of the isolated heart of the kitten caused by a dilution of 1 m 
250,000 of qumamine 
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The irntability of the cardiac muscle is gieath reduced by quinamme The 
mimmal effective current foi stimulating the heait of a fiog is found to be consider- 
ably increased as shown by the following table — 


Distance of secondaii/ pom pnmaii/ coil in centimetres 


1 

Number 

Before qumannno 

Dose lu mg 

j 

After quinamme 

1 

18 6 

0 25 

86 

2 

14 6 

05 

40 


The same effect was noticed m the case of the dog’s heait, but to a smaller 
degree After an intravenous injection of 10 mg of quinamme, the secondary coil 
had to be brought nearer by 15 mm , from 15 5 cm to 14 cm 

The effect of quinamme on the latent period was studied m frogs A stanmus 
preparation was made by putting a soft clamp over the white descent and the 
ventricle was stimulated by mi nim al induced shocks The normal interval between 
the moment of stimulation and begmnmg of contraction was measured After 
removing the clamp an injection of the drug was given mtra-hepatically , the 
crescent was again clamped, the ventricle stimulated and the interval between 
stimulation and contraction measured as befoie Studied according to this method, 
it was found that qmnamme neither mcreased nor decreased the latent period 

The influence of quinamme on the refiactory period of the heart was studied 
in the cat, turtle, and the frog The technique used was that mentioned by Waddell 
(1924) A straight wire was attached to the armature of a signal magnet and was so 
arranged as to pull the writmg level away from the drum as soon as the circuit 
was made The magnet was taken m the primary circmt and the surface of the 
heart was stimulated by platinum electrodes from the secondary coil Normally, 
a stimulus applied anywhere in the diastobc phase produces a contraction and a 
compensatory pause, while the heart is refractory throughout the systolic phase 
Qmnamme does not alter the refractory period in any way It neither decreases 
nor increases it The same result was obtained m the heart of all three animals — 
the frog, the turtle and the cat 

The absence of any action prolonging the refractory period pointed to the 
futility of trymg this drug m auricular fibrillation Marked irregularity of the 
auricle was induced in the cat by intravenous injections of acomtme, and quinamme 
was administered after it The irregularity slightly mcreased and no favomable 
effect was noticed on the fibrillations 

Discussion — The experiments mentioned above show that qmnamme causes 
an apparent stimulation of the auricle by a depressant action on the vagal centre 
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m the medulla At the same time a depression of the ventricle occurs hy a direct 
action on the myocardium So far the action is similar to that of the other dextro- 
rotatory alkaloids — quinidine and cinchonine Possibly m the case of the auricle 
the nervous factor predominates while in the case of the ventricle the direct toxic 
action of the diug on the muscle overbalances the nervous effect The vagus 
supphes the auricle and has an effect on all parts of the auricle, while only the base 
of the ventricle is supplied by this nerve Thus the control of the vagus over the 
ventricle is inconsiderable Starling states, ‘ It is still doubtful whether the vagus 
has a direct action on the mammalian ventricle The fact that stimulation of the 
vagus, like division of the bundle of His, usually causes meiely temporary cessation 
of the ventricular beat, would indicate that this nerve has its chief action on the 
auricles ’ Hence the predominant efiect on the auricle seen after injection ol 
quinamme 

Qmnamine does not increase the refractory period of the heart Chopra, 
Drkshit, and David (1928) found that wdiile cinchomdine caused a marked prolonga 
tion of the refractory period, the action of cinchomne in this respect was mappre 
ciable Among the three dextro-rotatory alkaloids — cinchomne, quimdine and 
quinamine — only quimdine seems to cause a great increase in the refractory 
period of the heart 

The irritability of the heart muscle is more or less decreased by all these three 
alkaloids 

Summary 

1 Quinamine causes a fall of blood-pressure by a direct depressant action 
on the heart muscle and a dilatation of the splanchmc blood vessels 

2 An apparent stimulation of the auricle is caused by small doses, due to a 
depression of tlie vagus centre Larger doses cause a depression of both the auricle 
and ventricle by a direct action on the heart muscle 

3 Quinamme has no influence on the latent period or the refractory period 
of the heart muscle 

4 The irritabihty of the heart muscle is greatly depressed 

5 No favomable efiect is seen in cases of auricular fibrillations experi- 
mentally induced in aneesthetized animals 
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With the rapid scientific advance of modern medicine, especially in the realms 
of physiology and biochemistry, new methods for the determination of the functional 
capacities of different organs have been introduced At present, these functional 
tests are amongst the newer and impoitant acquisitions of the clinical laboratory 
Sir Humphry Rolleston (1931), in opening a discussion onthemethods of determimng 
liver-function and their value, at the Medical Society of London, observes — 

‘ The luoreasing attention paid to the interpretation of symptoms and to functional disorders 
has taken investigation a stage turther back than the detection of physical signs and structural changes, 
and IS an attempt to study the earhest evidence of a departure from the normal and so to further the 
prevention of disease Functional teats have been extremely successful in organs, such as the stomach 
and kidneys, with comparatively simple functions, but them extension to the liver has brought 
about a very different position which is beset with diflioulties ’ 

The difficulties m the mvestigation of the liver-function are due to several 
factors The liver has a great reserve power with remarkable capacity to regenerate, 
particularly in chronic bver-cell damage An idea of the regenerative power of the 
liver can be obtained from the experiments of Mann and Bollman (1926), who found 
that, after removing 70 per cent of the normal liver of a dog, the remaining tissue 
increased and m a few weeks returned approximately to its pre-operative level 
Moreover, the bver has got varied functions, all of which may or may not be 
deranged in disease , this fact explains why similar pathologic conditions produce 
varied results when the same test is applied 

While an extensive bteiature is available regarding liver-function tests there 
does not appear to be any one reliable test to gauge exactly the functional canacitv 

( 1009 ) ■■ ^ ^ 
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of the oigan in disease ‘ No test at present designed can be expected to give the 
knowledge which it would he most important of all to possess — the margin of safety 
between reasonably good functional activity and serious oi even fatal breakdown ’ 
(Rolleston and McNee, 1929) 

There is a great difference of opinion as to the value of many of the tests There 
does not appeal to be any physiological basis for many of the tests employed to 
determine the functional capacity of the liver Many of the tests were devised to 
measure a supposed function of the organ , unless the function of the organ is 
definitely known, a functional test cannot be applied to determine such a function 
Excellent work on the physiology of the liver was done in recent years by Mann 
and his co-workeis in the Mayo Clinic, but much of it is not yet useful to the 
clinician, to study the deviations from the normal in disease, at the bed-side 

The trend of modern opinion, as levealed by the discussions of the Medical 
Society of London (1923 and 1931), only go to show that none of the tests so fai 
devised should ‘ be regarded as of critical importance in the investigation of hepatic 
disease ’ In spite of these facts, the search for the useful functional tests of the 
liver still continues in all the clinical laboratories 

The ‘ chromogogic function ’ of the liver, namely its capacity to eliminate 
certain dyes from the blood thiough the bile, when injected intravenously, has been 
used to determine the ‘ total oi so-called global functional capacity ’ of the liver 
Abel and Rowntiee (1909), while studymg the pharmacological action of some 
phthaleins and their derivatives, found that phenol-phthalein was excreted m the 
urine and m the stools Further expeiimental studies with different variations in 
the phenol-phthalein molecule showed that the substance phenol-sulphonephthalem 
was mainly excreted by the kidneys, and the substance phenol-tetia-chlor-phthalein 
(first prepared by Oindofi and Black, 1909) was mainly excreted by the liver On 
the basis of these findmgs, Rowntree, Bloomfield, and Hurwitz (1913) foimulated 
a test by using phenol-tetia-chloi-phthalein for estimating the hepatic efficienc) 
On account of its techmcal difficulties this test was not adopted for routine use, 
until Rosenthal (1922 and 1924) introduced his important modification, in which 
the excretion of the dye was estimated by its rate of disappearance from the blood 
following intravenous mjection , by compaiison with a series of normal controls he 
was able to show that there was letentioii of the dye in difiuse damage of the paren- 
chyma of the livei This work formed the staiting point for estimating the hepatic 
efficiency by the ‘ chromogogic function ’ of the livei A further modification 
of the above test was introduced by Rosenthal and White (1925), who used biom- 
sulphalein (phenol-tetra-bromphthalein sodium sulphonate) mstead of phenol- 
tetia-chlor-phthalein This dye is extensively used in the estimation of hepatic 
function Though this ‘ chiomogogic function ’ of the liver is not one of its normal 
, functions, the intioduction of this method as a functional test is of undoubted 
value m estimatmg hepatic efficiency Mann and Bollman (1926), commentmg 
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ou tlie Iiver-funcfcion testa, remark ' The physiologic basis for the use of the dyes 
which have been employed as tests of hepatic function is the fact that they appear 
to be excreted mainly by the liver Experimentally, the hepatie function could 
not be sufficiently diminished to show a definite relation of hepatic insufficiency to 
retention of dye Since, however, there is a definite retention of the dye m certain 
cases m man, this would appeal to be one of those tests whose value can only be 
determined by its caieful and contiolled use clinically, as has been done bv Eowntree 
and Ins associates ’ 

Delprat (1918), working under Professor Herbert M Evans (Department 
of Anatomy, Umversity of California), found that ‘ Rose Bengal ’ (di-iod-tetra- 
chlor-fluoiescein), a dye belonging to the tri-phenyl-methane senes, was entirely 
elimmated from the body by the cells of the hepatic parenchyma Further experi- 
mental work on the elimination of this dye from the blood as influenced by liver- 
mjury was published by him in 1923 The clinical value of this test was mvesti- 
gated by Delprat, Epstein, and Ken (1924) Both the experimental and clinical 
work showed that the rate of elimination of the dye following its mjection into the 
circulation m normal subjects was fairly constant, while it was deflnitely delayed 
by any difluse liver-injury This woik formed the basis for the use of this dye as 
a liver-function test 

Rose Bengal is a crystalloid substance, readily soluble in water or salme and 
entirely non-toxic in nature for the human tissues Professor Carl Schmidt 
showed that dyes of the fluorescein group, containmg six or more halogens per 
molecule, were excreted entuely by the bde , while those containmg less than six 
halogens per molecule may be excreted by the urine and bile Rose Bengal, 
contaming as it does six halogens per molecule, is excreted by the bile only It 
has been shown by Norman and Schmidt (1920 , 1922) that this dye has a 
‘ photodynamic effect ’ on the red blood cells in vitro (i e , hsemolysmg the red 
blood cells under the mfluence of direct sunbght), but Epstem, Delprat, and Kerr 
(1927) remark that ‘ this photodynamic eflect does not seem to occur within the 
human body to an appreciable extent Furthermore, it has been our practice to 
keep tubes of blood, which contain some dye, m a darkened contamer until the 
cells have been separated from the dye-containmg plasma by the centrifuge ’ 

The original technique described by Delprat, Epstem, and Kerr (1924) was too 
tedious with its elaborate calculations, and a simplified modification of the test 
was adopted by Kerr, Delprat, Epstem, and Max Dume Vit» (1925), for esti- 
matmg the hepatic efficiency Epstein, Delprat, and Kerr (1927) further 
modified the technique, the details of which are described below 

In taking this subject for investigation, my chief object IS to study the value 
of this test (Rose Bengal) m the diagnosis of cirrhosis of the hver, and to determine 
its utflity m the differentiation of ascites due to cirrhosis of the liver from other 
conditions resulting in ascites, e g , cardiac decompensation, kidney mefficiency. 
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ckroDic pentomtis, ttvberculai ppiitonitis, malignant peritonitis, etc A nnmbei 
of cases of cirrhosis of the liver, especially of the portal type, presented symptoms 
of secondary anEemia in then later stages , to deteimme whether aneemia per se 
has any effect on the rate of elimination of the dye, a number of control cases of 
secondary anaemia were mcluded in this investigation Control cases of jaundice 
were similarly mcluded to study the eftect of jaundice on the excretion of the 
dye How far this test contiibutes to the study of hepatic cirrhosis, which I am 
investigating at present, is discussed in this paper 

Procedure 

(a) Preparation of the solution — It is always advantageous to prepare the 
solution of the dye and keep it ready for intravenous use after sterilization A one 
per cent solution of the dye in normal saline is prepaied in a glass-stoppeied measur- 
ing cylindrical jar , the solution is vigorously shaken so as to dissolve all particles 
of the dye and left overmght in the jar foi the foam to settle The solution is then 
filtered and is filled in amounts of 15 c c into clean, dry test-tubes The mouths 
of the test-tubes are closed with plugs of cotton-wool and covered by wrapping a 
thin piece of paper, which is secured with thread These solutions in the test-tubes 
are then sterilized in the autoclave According to Delprat and Stowe (1931), these 
solutions can be used up to two months aftei piepaiation without any reactions 
developing in the patients, but it has been my practice not to use them after a 
month These solutions were prepared for me in the bacteriological department 
of the Medical College, with all aseptic precautions 

(b) Technique of the test — (1) No special preparation of the patient is necessary 
for the injection of this dye solution The mjection is usually given in the morning 
and the patient is merely prepaied by being allowed no breakfast A cup of cofiee 
IS permitted early in the morning 

(2) The dose of the solution to be injected depends upon the age of the person, 
children getting a smaller dose than adults In adults about 10 c c of the 
dye solution is injected, irrespective of the weight and age, into the median 
basihc vein 

(3) The exact time of commencement of the injection of the dye into the vein 
IS noted by starting a stop-watch and about 30 seconds are taken to inject the dye 
completely into the vein At the end of this time the syringe is quickly disconnec- 
ted from the needle (which is still left in the vem) and another syringe, previously 
filled with about 10 c c of sterile (normal) saline, is connected to it The salme is 
then slowly injected, so that the syringe is empty at the end of tw^o minutes 
Exactly at the end of the second minute, about 10 c c of blood are drawn into the 
syrmge, which is then withdrawn with the needle from the vein Immediately 
the blood is transferred to a clean, dry, centrifuge tube containing a small quantity 
of finely powdered potassium oxalate The blood is gently mixed in the centrifuge 
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tube, which is fitted with a rubber-coik Vigorous shaking causes hsemolysis of 
the red blood cells and thus may vitiate the lesults 

(i) The centrifuge tube containing the blood is quickly placed in a small tin 
padded with cotton- wool and covered with hd, so as to protect it fiom light This 
precaution is necessary on account of the photodynamic ekect of this dye on the red 
blood cells already referred to 

(5) Exactly at the end of the eighth minute (from the commencement of the 
injection) 10 c c of blood is drawn into another syringe from a large vein in the 
other ante-cubital fossa This is tiansferred to anothei centrifuge tube (contaimng 
potassium oxalate powdei), which is sunilaily protected from light To avoid 
confusion, the tubes are numbered 

(6) The clear plasma (which is colouied with the dye) is then separated from 
these two samples of blood by centrifuging them in an electric centrifuge, at a 
speed of about 2,000 revolutions per minute, for 15 to 20 minutes 

(c) Colonmet) lO analysis — In the original test described by Epstein, Delprat, 
and Kerr (1927), the plasma, obtained after centrifuging the blood, was diluted with 
twice the volume of normal saline and the two samples were compared in the 
colorimeter But, any slight hamiolysis in eithei of the two samples resulted in 
- imperfect matching of the colours, thus vitiating the results Hence the acetone 
precipitation method (described below) of Bloom and Eosenan (1924) was adopted 
by Delprat and Stowe (1931) — 

From each of the samples 4 c c of clear plasma is pipetted into clean centri- 
fuge tubes To each See of acetone is added, well mixed and left in the tm 
(which IS covered with the lid) for 3 minutes They are then centrifuged To 
the clear supernatant fluid, a drop of 10 pei cent sodium hydrate solution is added 
and well centrifuged after mixing The supernatant fluid is finally pipetted off 
into clean colorimetric cups According to Delprat and Stowe (1931), this alkali- 
zation sometimes helps m the full development of the colour of the dye m the 
plasma 

The ‘ two minutes ’ sample is taken as the standard and the ‘ eight minutes ’ 
sample as the unknown and they are compared in the colorimeter The Klett’s 
colorimeter has been used in this investigation 

(d) Calculation — It has been shown by Epstein, Delprat, and Kerr (1927) 
that the maximum concentration of the dye was present in the blood at the end of 
two minutes after intravenous injection Hence the two minutes sample can be 
regarded as contaimng 100 per cent dye If the standard cup (contaimng the two 
minutes sample) be set at 20 m the colorimeter and if R is the colorimetric reading 
of the unknown (eight mmutes sample), then, ^ X 100 represents the percentage 
of dye present m the circulation at the end of eight mmutes 

It was shown by Delprat and his co-workers that in normal persons the eight 
mmutes sample is usually 50 per cent (varymg from 40 to 6p per cent) If the 
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dye IS letained in higher concentiations in the circulation, it denotes hepatic 
derangement The ‘ total function ’ of the liver is obtained from the formula, 
200 — ( g X 100) X 2, since ‘ twice the percentage of dye removed between the 
first and second samples equals the peicentage of liver-function ’ (Delprat and 
Stowe, 1931) 

To avoid the possibilities of eiroi due to haemolysis in the colorimetric estima- 
tion of Rose Bengal in the blood, Snappci and Spool (1927) suggested a spectro- 
scopic method of evaluation of the dye But, by keeping the specimens of blood 
contaimng the dye in any light-free containei, as described above, the results have 
been uniformly accurate and no haemolysis occuried in any of my specimens 

RiESULTS 

To determine the clinical value ot this test several patients were tested in the 
medical wards of the King George Hospital, Vizagapatam, and the lesults %n some 
of the typical cases are given in the Table Only those cases m which the chmcal 
diagnosis was very definite were selected for this study and these were further 
investigated thoroughly 

In the few normal controls in w hich this test was applied, the excretion of the 
dye was within the normal limits given by Delprat and others 

In cases of ascites due to cardiac decompensation of long duiation the dye, 
present in the blood at the end of eight minutes, was at the highest limits of the 
normal or there was slight retention One patient (No 4), W'ho came in with signs 
of acute heart failure, showed a reading within the normal limits , while another 
(No 7) with high blood-piessure and caidiac failure showed moderate retention 
of the dye The diagnosis was verified m one case (No 1) at autopsy 

The excretion of the dye was normal in case 'No 8, in which the ascites was 
only a local manifestation of the general anasarca due to chronic nephritis 

All the cases of ascites due to chionic peritonitis showed that the excretion 
of the dye was within the normal hmits There was slight retention of the dye in 
one case (No 13) of tubercular peritonitis with ascites In one case (No 34) of 
malignant peritomtis with ascites, in which the diagnosis was made at operation 
(exploratory laparotomy) and later on verified at autopsy, the excietion of the dye 
was within normal limits 

Jaundice, occurring as toxeemia of pregnancy, produced moderate retention 
of Rose Bengal and a similar result was observed in one case (No 15), m which 
the jaundice was the result of liver-damage, probably due to avitaminosis 
Moderate retention of the dye was definitely present in all cases of catarrhal 
jaundice 

Malignant disease of liver produced marked retention of the dye , m one case 
(No 19), which showed discrete metastatic nodules in the liver, the elimination of 
the dye was within normal limits 



Showing the lesnlts of the Rose Bengal lest in some typical cases 
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The oluiiin.vtiou of the dje \v,ib normal in tases of bccoiidarj anjjeniia due to 
ankylostomiabis , bliglit lotention of the dye uas piosent in cabcs (Nos 24, 25 and 
2b), in uliuli the anannia peibi'-tcd foi a long time Onecasc(No 27) ^\lth extreme 
aiiamiu due to ank> lobtoniiasib and signs of hepatic nisuJhciency, shoued maikecl 
letention of the dye , the test uas icpeated with the same icsult 

All the cases of ciiihosis of the luei showed leteution of the dye modeiate 
retention uas picsent in case No 32, while maiked leteiition ivas piesent 
m cases Nos 2S, 29, 30, 31 and 33 The diaguosis of poital ciiilio^is was 
lerihcd in one case (No 29) at autopsy 

COMULM 

(A) Oil the icbulli 

(a) The lesults olitained in poital tiiihosis of the liver, where there is marked 
retention of the dye without bilirubmojmia, aie m agreement with those of Epstein, 
Eelprat, and Ken (1927) Bimilai obseications weie made by Gieenc, McVicai, 
Snell, audllownticc (1927), with phenol-tetia-c hlor-phtlialem and bt Foley (1930) 
with iirom-sulphalcin IVoiking with biom-sulphalen, Gieene, Snell, and AA alters 
(1931) remark that the results of biom-sulphalein test in portal cirrhosis aic so 
constant, that one should be cautious m attiibutmg ascites to a hepatic lesion, in 
the absence of such a positn e test’ The letcntioii of the dy^e is constant and the 
dissociation of function (i e , leteution of the dve without an increase in the bilirubin 
content of the blood) chaiactciistic, m cases of portal cirrhosis of the livei wuth 
ascites 

In seeking foi an explanation foi this maiked letentioii of the dye in poital 
cirihosis, the following factors have to be taken into consideration (1) dunmished 
flow of blood thiough the cinhotic livei, (2) structural alteiations in the hepatic 
lobule, and (3) degeueiatioii of the liiei-cells 

(1) Dumniiilied flow of blood tiuough Ihe cinholic hvo — Jllcludoc (1927), 
studying the vasculai lesions of portal cnrbosis by the coiiosion method described 
by Counsellei and Mcludoe m 1926 (wlieic casts of the livei were pioduced by 
injecting its channels witli celloidm solutions end subsequently destroy^mg the 
parenchyma by coriosives), showed that one of the most obvious changes in portal 
curhosis IS the marked diminution in the total hepatic vasculai bed By' perfusing 
the portal vein in ciirhotic livcis with pliysiologic sodium chloiide solution at the 
probable piessiue m the poital vein in cuihosis (bctw'een 10 and 20 mm of mei- 
cury ), Mcludoe (1927) showed that ‘ thirteen pei cent is the most that is recovered 
from the hepatic vein, in some cases none, m contrast to 100 pei cent in the normal 
livei ’ As the intia-liepatic collaterals aie given off the portal vein befoie the 
Sinusoidal bed is leached, it is quite certain that none of the fluid recovered from 
these chamiels comes in contact with the hepatic parenchyma smee it is shunted 
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as through a by-pass before it reaches its normal destination Some of the fluid 
recovered fiom the hepatic veins may or may not have passed through the nodules 
of hepatic cells, but even if all of it did, the amount would be extremely small’ 
Thus, the portal blood-supply of the hepatic paienchyma is reduced to a minimum 
and the hepatic aitery is the mam souice of supplying sufficient blood to carry on 
the normal metabolism The great bulk of the portal blood reaches the heart 
through the collateial channels, resulting in delayed presentation of the dye to the 
hepatic parenchyma This factor explains to some extent the marked retention of 
the dye in cases of portal cirrhosis 

(2) Structwal alterations in the hepatic lobule — The rcgeneiative features v hich 
are commonly seen in portal cuihosis were demonstrated by Kretz (1905) and 
MacCallum (1904) As a result of the degenerative and regenerative changes 
♦taking place in the liver, together with an increase of fibrous tissue, the normal 
structure of the hepatic lobule is completely lost ‘ Instead of 1} ing in a continuous 
sheet between the portal and hepatic venous tiees, and in the direct pathway of 
the afterent and efferent blood-vessels, the hepatic cell mantle is now broken up 
into innumerable irregular independent and anastomosing nodules, virtually all 
new formations, consisting of twisting columns of cells with narrow tortuous 
sinusoids, without a suggestion of the usual ladiate arrangement’ (Mclndoe, 
1927) By in]ecting coloured gelatin into the portal vein Mclndoe (1927) showed 
that the new hypei plastic nodules remain uncoloiued, showing thereby that they 
are ‘ almost completely side-tracked from the portal blood-supply ’ , when injected 
through the hepatic artery, the coloured gelatin reaches the hyperplastic nodules 
with difficulty Thus, the hepatic arteiy forms the only somce of blood-supply 
to the remaining liver -tissue Hence, when Rose Bengal is injected intravenously 
(in cases of portal cirrhosis), it is conveyed to the liver -cells mostly by the hepatic 
artery, and as the amount of blood circulating in the hepatic artery is much less 
compared to that of the portal vein [25 to 30 per cent of the inflow of blood 
to the liver is contributed by the hepatic artery rn the dog — (Bauer et cil , 
1932)], only a limited amount of the dye is presented to the liver-cells in a 
particular tune As already shown the amount of portal blood circulating 
in the liver in cases of portal cirrhosis is greatly diminished and even the 
dye (Rose Bengal) circulating in this diminished quantity of the blood is not 
presented to the newly foimed liver -cells, as they are side-tracked from the 
portal blood-supply Thus, the alterations in the structure of the liver as a 
result of the diflerent changes taking place in it in portal curhosis, result m a 
delay in the excretion of the dye 

Another structural alteration found in the regenerated hepatic tissue has 
recently been reported by Althausen (1931), who pointed out that in certain types 
of cirrhosis (such as toxic cirrhosis) of the liver, the hyperplastic nodules lack 
connection with the bile channels This results in a marked retention of the 



M V Ttadlmhislina Rao 


1027 


Rose Bengal dye, though tlie liver-eells m the legencrated tissue are able to utilize 
the carbohydrates in the normal manner 

(3) DegeneiaHon of the hxo-cells — A constant feature, seen microscopically m 
most of the sections of the liver in portal cirrhosis, is the fatU change m the hyper- 
plastic nodules Tl.e injurious agent which caused the cirrhosis is always at work, 
unless it can be stopped, and hence the liver-cells are always ‘ susceptible to injury, 
and for that reason they are often found at the death of the individual loaded with 
fat 01 iinured in some othei way Some of these iiijuiies may be of the series which 
IS still at work, adding to the changes which bung about the cirrhosis, but others 
may be independent ’ (JlacCallum, 1928) Hence, the chromogogic function of 
the liver is gieatly diminished on account of the reduced amount of healthy hver- 
tissue present in poital ciiihosis 

Thus, the degree of retention of the dye in portal cirrhosis is directly propor- 
tional to the pathological processes taking place in the liver It denotes to a 
certain extent the balance between the degenerative and regenerative processes in 
the liver and constitutes a very good laboratory evidence of hepatic insufficiency, 
especially m the absence of jaundice The retention of the dye does not seem to 
correspond to the degree of ascites, which denotes only the circulatory disturbance 
in portal cirrhosis The secondary anaimia, which is seen in most of the cases of 
portal cirrhosis in its later stages, cannot by itself account for the marked retention 
of the dj^e found in these cases 

While retention of the dye constitutes a verj good evidence in the diagnosis of 
portal cirrhosis, it is not of such great sigmficance in the prognosis of the disease 
Mann and his associates have shown, from their cxpeiimental researches, that only 
a small amount of the Iiver-tissue (much less than is present in advanced cases of 
portal cirrhosis), properly nourished, is sufficient to carry on the ordinary metabolism 
of the body Moreover, ‘ majority of patients with portal cirrhosis do not die 
from hepatic insufficiency but liom complicating disorders, such as circulatory 
failure, hsomorrhage, ascites, and intercurrent diseases ’ (Rowntree, 1927) 

(6) The marked retention of the dye, in cases of hypertrophic biliary cirrhosis 
and syphilitic cirrhosis of the liver, can be explained by the diffuse involvement of 
the parenchyma in these diseases lAorkmg with pheuol-tetra-chlor-phthalein, 
Greene, McVicar, Snell, and Rowntree (1927) showed that retention of the dye 
occurred uniformly in all cases of biliary eirrhosis O’Leary, Greene, and Rown- 
tree (1929) pointed out that practically all cases of syphilitic cirrhosis of the liver 
showed retention of the dye (phenol-tetra-chlor-phthalem or brom-sulplialein) 

(c) A slight retention of the dye was present m most of the cases of long- 
standing cardiac failure with passive congestion of the liver Foley (1930) obtained 
similar results with brom-sulphalem, in cases of passive congestion of the liver 
resultmg from cardiac decompensation But, Epstein, Delprat, and Kerr (1927) 
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remaik that ‘ cliionic jjassive congestion of the livei does not seem to pieventthe 
absoiption of Rose Bengal and the curves aie within normal limits’ There is 
ceitain amount of fibiosis (the so-ealled c}anotic induiation, oi the cardiac t)peof 
cirihosis) in cases of chionic venous congestion of the livci , apart from this, necro- 
sis of the cells in the innci zone (sunoundmg the intra-lobulai vein) of the hepatic 
lobule IS seen in the latci stages of the condition These pathological changes in 
the livei explain the shght ictention of the dye pi esent m these cases 

{d) The Rose Bengal test foiius a \ eiy useful aid in the investigation into the 
causation of ascites The cxcietion of the dye is within noimal limits oi there is 
only slight ictention, in cases of ascites due to caidiac decompensation, nephritis 
01 peritonitis — simple, tubercular oi malignant, while there is marked letentiou 
m cases of ascitco icsultmg from ciiihosis of the hvei Thus, this test is of value 
in difteientiating cases of ascites due to ciiihosis of the livei from other conditions 
resulting in ascites 

(e) Jaundice, which is the visible manifestation of hepatic derangement in 
cases of toxaemias of pregnancy, .tvilaminosis and catarihal jaundice, is alwajs 
accompanied by moderate retention of the d}c This can be explained by the fact 
that the parenchyma of the liver is definitely damaged in all these conditions 

(/) The maiked retention of the d}c in cases of malignant disease of the liver 
IS due to the difiuse desti action of the hepatic parenchyma The rate of elimination 
of the dye in cases of secondary malignant deposits in the livci depends upon the 
amount of functionally active livei-tissuc still remaining ‘Bisciete scatteied 
metastatic nodules in the livei do not inteifeie wutli its ability to eliminate the 
dye, but diftuse replacement of the liver -tissue by carcinoma very definitely 
causes a retention of the dye m the blood-stream ’ (Epstein, Delprat, and 
Ken, 1927) 

[g) The retention of the dye, in cases of long-standing amemia due to anky- 
lostomiasis, IS probably due to the fatty degeneration of rhe liver, which is seen 
in the later stages of the disease 

(B) On the technique, etc 

Much clearer solutions are obtained tor colorimetric analj^sis by the acetone 
precipitation method described bj'- Delprat and Stow^e (1931) , yet, in a few cases 
the extraction of the colour of the dye by the acetone seemed to be imperfect and 
the results obtained were lower than those obtained by diluting the coloured plasma 
with normal saline I have used both the methods and found the former to he 
undoubtedly better in most of the cases 

In cases of intense jaundice there is some difficulty in matching the colouis, as 
the colour of the dye in the plasma is superimposed on the colour of the bile pig 
ments present in it 
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No useful purpose is served m calculating tlic ‘ total function ’ of the liver 
from the percentage of dve present in the blood at the end of the eighth minute by 
the formula given by Delprat and Stowe (1931) A marked retention of the dye 
does not necessarily mean that all the other functions of the liver are damaged to an 
equal extent Vs pointed out by Althaiiseu (1931), m toxic cirrhosis of the livei 
the carbohydrate metabolism is normal, though there is marked retention of Eose 
Bengal Taking, for mstincc, case No 31, the ‘ total fimctioii ’ of the liver comes 
to 3 2 per cent (according to the formula of Delprat and Stowe) , but this patient 
did not exhibit anj sjmptonis of hepatic iiisufticienc\ As alreadx pointed out 
retention of the d)e is of great significance in tlie diagnosis of cirrhosis of the liver, 
but its ^ able in the prognosis is vcij limited It would perhaps be better if the 
retention of the d\e is simply noted down as shglit, moderate or marked, in each 
case , a classification of this type denotes oiilj the chromogogic function ’ of the 
liver and does not encroach on the other functions of the liver 

The dye is entirely uon-toxic to the human tissues and no untoward symptoms 
were seen in any of the cases after the intravenous injection according to the dosage 
already given One patient (No 15) had a severe rigor after the injection, while 
another patient (No 26) showed a rise of temperature to 102 5 F , none of the others 
showed any reaction after the intravenous injection of the dye 

(C) On the value of the test 

Eetention of the dye is present in varied conditions, and the test does not aid 
m differentiating the several conditions producing this retention It is a valuable 
aid m the study of hepatic diseases when taken in conjunction with the chmeal 
observations and the results of other tests ‘ It is analogous to the phenol- 
sulphoneph-thalein test of kidney-function, in being not a test of any specific 
type of organ damage, but a measure of the totally remaining functionally 
active tissue ’ (Delprat and Stowe, 1931) The value of this test is briefly 
summarized by Barker (1930) — 

‘ One of the dyes used by Evans, namely, " Rose Bengal ”, would seem to fulfil, better than any 
other yet used, the ideal requirements of a dye for the study of liver function (as formulated by 
Delprat), since it is a non to\ic, crystalloid substance, which is ehminated from the body by the 
' cells of the hver parenchyma and yet remams m the oirculatmg blood long enough after injection 
to permit of determinations of its concentration in the blood plasma the recent 

simplification of the method makes the test easilv applicable by any one accustomed to the methods 
of the modern climcal laboratory ’ 


Summary and conclusions 

(1) Eose Bengal (di-iod-tetra-chlor fluorescein), a dye belonging to the 
triphenylmethane series, has been utilized to study the cliromogogic function of 
the liver for determining the total functional capacity of the organ 
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(2) The modified technique described by Delprat and Stowe (1931) was adopted 
in this investigation and the test is desciibed in detail 

(3) The dye is entirely non-to\ic to the human tissues and no untoward symp- 
toms weie seen in any of the cases aftei intravenous injection of the dye in closes 
of 100 mg foi the adult 

(4) Marked letentiou of the dye was found in cases of ciirhosis and malignant 
disease of the livei In cases of metastatic malignancy of the livei the excretion 
of the dye depends upon the amount of functionally active livei -tissue still remain- 
ing Marked retention of the dye AVithout bihrubinmmia constitutes an important 
obseivation in cases of decompensated poit.il cirihosis of the livei The causes of 
this marked letention of the d3’’e m poital ciirhosis aie discussed and it is shown 
that the secondary anaemia, wdiich is seen m the latei stages of the disease, cannot 
account for this maiked leteutioii 

(5) Jaundice associated wath toxaemias of the livei always pioduced retention 
of the dye 

(6) Slight retention of the dye was seen m long-standing cases of passive 
congestion of the liver lesultmg from cardiac decompensation and in cases of anky- 
lostomiasis, m which the secondary anaemia had peisisted for a long time 

(7) The test is a valuable aid m diffei entiatmg ascites due to ciirhosis of the 
liver from other conditions pioducing ascites, e g , cardiac decompensation, neph- 
ritis, or peritonitis — simple, tubeicular oi malignant 

(8) The results obtained in this investigation aie in agreement with those 
obtained by the origmatois of this test The test is more likely to be positive in 
those conditions in which theie is diffuse destiuction of the hepatic parenchyma, 
than in those with localized affection The test does not show any specific type 
of organ damage, but only denotes the amount of functionally active liver-tissue 
still present 

(9) It IS pointed that, while the retention of the dve is of great significance in 
the diagnosis of cirrhosis of the livei, its value in the prognosis is very limited It 
IS suggested that no useful purpose is served in calculating the ' total function ’ of 
the liver, from the percentage of dye present m the blood at the end of eight 
minutes, by the formula given by Delpiat and Stowe (1931) 

(10) Taken m conjunction wath the clinical observations and the results of 
other tests, the Kose Bengal test constitutes a valuable aid m the study of hepatic 
diseases 
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Introduction 

It is now well Irnown that carotene can replace vitamin A in the diet of the 
rat (Euler, Euler, and Hellstrom, 1928 , Moore, 1929 , Collison, Hume, McLean, 
and Smith, 1929 , Drummond, Ahmad, and Morton, 1930) On feeding rats with 
large doses of carotene the pigment is metabolized in the orgamsm giving rise to 
the famihai form of vitamin A, which is stored m the liver when in excess of the 
requirements of the animal Eurther woik along these lines has now proved that 
carotene is the precursor of vitamin A and the vitamin arises in the animal body 
from the carotene of plants (Ahmad, 1930) 

In a previous study of the metabolism of caiotene (Ahmad and Drummond, 
1931) it was found that certain factors profoundly affect the mechanism of the 
absorption of carotene and its conversion into vitamin A It also appeared that 
certain ammals are unable to metabolize caiotene for their vitamin A requirements 
(Ahmad, 1931) This observation raised the important question whether all 
animals are able to obtain their requirements of vitamin A from the plant pigment 
carotene, or whether some of them, that have lived through the ages upon animal 
foods, have lost this function durmg the course of evolution How far does this 
capacity of assimilating carotene for vitamin synthesis vary in different animal 
species and what is the position of man with legard to such synthesis ^ To solve 
J, MB ( 1033 ) 8 
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tills pioblem a compaiative study of the physiological powci of ceitain animals to 
convex t carotene into vitamin A has been undertaken 

Experimental 

A quantity of caiotene was piepaied fiom caiiots The roots were cut into 
thin flakes and dried in the shade undci a hot blast from a fan The dried powder 
was extracted with cold pcti oleum ethei and saponified aftei concentration to 
remove the fatty impiiiities Guide pigment was precipitated with methyl alcohol 
from the chloiofoim solution of the unsaponifiable lesidue The piodiict was 
purified by successive le-crystallizations fiom hot petroleum ethei and finall} fiom 
hot cyclohexane All the piocesses weie earned out in an inert atmosphere to avoid 
the oxidization of the pigment The melting point of the final product was 
172-3°C (uncollected) Approximately 0 5 g of carotene was obtained fiom 25 
kg of flesh cairot roots 

The animals selected foi these expeimients and tlie vitamin A-fiee basal 
diets used in each case aie shown m Table I 


Table I 


Number 

Animal 

Number of 
animals 

Vitamin A free basal diet 

1 

Albino rats* 

12 

i 

Usual mixture of casein 20, heated nee 
starch 71, salt mixture 4, dried breuers 
yeast 5 

2 

Cats 

2 ^ 

j 

Boiled lean moat and skimmed milk 
powder 

3 

Rabbits 

2 

i 

Whole grains and bran of wheat and barley 

4 

Pigeons 

2 

Husked, unpolished white nee 

5 

Chicken 

2 

Wheat, whole grains 


* One dozen young albino rats were obtained from Kasauli through the kind courtesy of 
Sir S R Christophers, then Director of the Central Research Institute 


The animals employed for these tests weie, as fai as possible, young The 
rats received, in addition to then basal diets, a drop of an olive oil solution of irra- 
diated ergosterol (0 001 mg daily) to supply adequate amounts of vitamin D Other 
animals received the basal diets alone The ammals weie kept on theu respective 
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basal diets for an initial peiiod of eight weeks The lats began to decline in weight 
after six weeks, but other animals showed lathei ii regular growth curves, presenting 
on the whole a slight increase in body-weight Aftei eight weeks the animals uere 
divided into two equal groups One group was kept as control and maintained on 
the basal diet alone, while the other received a carotene supplement at the rate 
of 0 5 mg per 1 kg of body-weight, daily The caiotene was fed dissolved m olive 
oil and the administiation was continued foi a peiiod of eight weeks Aftei the 
elapse of this period the animals weie killed and their blood and liver tissues were 
collected for examination 

The tissues were ground up with anhydious sodium sulphate and extracted 
with ether The isolated fats were then analysed for then contents of carotene 
and vitamin A Vitamin A was assayed by a slight modification of the 
method of Can and Puce (1926) and carotene was deteimined colorimetrically 
bv comparison with a standard caiotene curve made from pure carotene 
of 184: 5°C melting point Lovibond tintometer of the Eosenheim-Schuster 
type (1927) was used for the estimation of the colour and the vitamin umts 
Total yellow and blue units are expressed according to the scheme adopted 
by Moore (1930) 

The results of analyses are summarized in Table II — 


Table II 


Animal 

Number of 
aiuiuals 

Aveiage weight of 
ammah (kg ) 

Carotene given 
per day (mg ) 

Name of tissue 

Total weight of 
tissue (g ) 

Total w eight of 
fat (g ) 

Total yellow units 
(Lovibond) 

Total carotene 

found (mg ) 

Total blue units 

Vitamin units per 
g of tissue 





1 Blood 

64 

0 018 

0 

0 

0 

0 



0 125 

0 062 

i 











( Liver 

28 0 

1 156 

124 

0 066 

150,000 

6,357 

Rat 

j 














1 Blood 

; 8 5 

0 018 

0 

0 

0 

0 


1 6 

0 101 

0 












( Liver 

25 5 

0 937 

0 

0 

0 

0 





[ Blood 

75 5 

0101 

30 

0 0016 

0 

0 


1 

2 79 

1 4 












1 Liver 

61 0 

2 583 

450 

0 241 

1,160 

19 





( Blood 

106 0 

0 078 

tiaee 

trace 

0 

0 


. 1 

2 01 

0 



1 







! 


1 Liver 

65 1 

1 610 

130 

0 070 

1,740 

26 
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Table II — concld 


Animal 

Number of 

animals 

Average m eight of 
animals (kg ) 

Carotene gn en 
per day (mg ) 

Name of tissue 

Total weight of 
tissue (g ) 

Total weight of 
tat (g ) 

§ 

p 

Total carotene 
found (mg ) 

Total blue units 

h 

O 

Pt 

n 

9 ^ 

P a 

P 

SO 

1 




1 

{ Blood 

! 

510 

0 0025 

0 

0 

0 

0 


1 

0 83 

0 4-t 


1 









1 

Liver 

19 0 ; 

0 959 

1 CO 

0 032 

4,500 

115 

Rabbit 



i 











1 

( Blood 

20 0 

0 0021 

0 

0 

0 

0 / 


1 

0 G9 

0 

J 











[ Liver, 

22 0 

0 575 

30 

0 010 

330 

15 





/ Blood 

11 ) 

ooot 

0 

0 

0 

0 


1 

0 294 

0 147 

i 










1 

( Liver 

G5 

0 190 

20 

0 01 

330 

50 

Pigeon 


1 


( Blood 

50 

0 005 

0 

0 

0 

0 


1 

0 295 

0 

< 











I Luer 

5 5 

0 138 

12 

0 006 

trace 

trace 


1 



(Blood 

2C0 

OOOS 

traeo 

trace 

0 

0 


r 1 

0 47 

0 235 

< 




1 







' Lner 

17 5 

0 494 i 

510 

0 270 

6,000 

Oil 

Chicken 

1 





i 


. 1 


0 


1 



{ Blood 

42 0 

0 008 

trace 1 

tme 

t) 



1 1 

0 534 

0 







9n 





( Liver 

21 5 

0 371 

120 

0 064 

550 



Conclusions 

The results summarized in Table II appeal to suggest that theie is a dif^eience 
m the capacity of different animal species to synthesize vitamin A fiom carotene 
On feeding caiotene m amounts proportional to the body-weights of animals t e 
rats developed the largest number of vitamin units in their livers Theie is a 
significant increase in the number of vitamin units in the livers of all the o er 
animals excepting the cats, but this increase is small m comparison with the vitamin 
formed by the rat If the capacity for the conversion of carotene into vitamin 
IS expressed as 100 for the rat, that of the chicken, rabbit, pigeon and cat ivouc 
be 24, 16, 1 2 and 0 respectively The livers of the control animals also 
certain number of blue units, showing that their reserves of vitamin A were n 
quite depleted during the four months that they were on vitamin A deficient le 
The cat appears to lack altogether the capacity for converting carotene m o 
vitamin A. 
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A possible explanation of this difference in the vitamin A units formed m the 
livers of these anunals is that vitamin lequiremf'nts of some animals for their normal 
phj siological functions are so large that stores of vitamin A cannot develop in 
then livers as readily as in those of others This, however, is unlikely In some 
of the unpublished experiments by one of us (B A ) it ivas found that while no 
vitamin A developed in the livers of cats fed with as much as 10 mg of carotene 
per day for 12^ weeks (200 tmies the equivalent of a normal lat dose), the feeding 
of relatn ely small amounts of li\ er oil concentrates (twice the equivalent of a normal 
rat dose) resulted m the accumulation of a stoic of vitamin A in the livei It appears 
therefore that differences of vitamin units found in the liiers of animals, as set 
down in Table II, are not to be explained on differences of normal vitamin require- 
ments, but on differences of their capacity to utilize carotene for vitamin A formation 
The observations of Capper, Ilckibbou, and Prentice (1931)* that the minimum 
daily requirements of the chicken for carotene are almost 12 tunes larger than the 
rat, are also to be explained in a similar way 

The mabihty of the cat to form vitamin A from carotene has been repeatedly 
observed by us during many experiments Recently Rea and Drummond (1932) 
have also stated that no vitamm A is formed by cat’s liver from carotene Euler 
and Euler (1931) have observed that the addition of carotene to the diet of fish 
did not result in its conversion to vitamin A It appears therefore that carmvorous 
ammals to whom a ready-made supply of vitamin A is always assured through food 
derived from animal sources have lost the function of synthesizmg vitamin A from 
carotene If this be so man would also fall mto this category 
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The sun disinfestation of gram has been advocated as a means to prevent the 
introduction of infected fleas, etc , into a locality and orders to treat grains in this 
way have been passed by some Governments as part of then plague preventive 
measmes No definite lules have been laid down either as to time of the day when 
the gram is to be so disinfested, or the manner in which to do it It is obviously 
impracticable with many cart-loads of gram to empty it out of the gunny bag, 
disinfest it and then re-bag it The best that can be done is to expose the loaded 
gunnv bags to the action of the sun There are, however, considerable practical 
difficulties even in this procedure In order, therefoie, to study the hmitations of 
this method, we decided to make some observations on the degree of penetration of 
heat into the varying depths of the grain m gunny bags, when such bags were 
exposed under the most favourable conditions to direct sunhght 

These observations were made in 1929 in May and June — the hottest period 
in the year in Madras 

A cement platform v as constructed in the most exposed part of the Institute 
grounds The guUny bags contaimng grains were placed in the platform at 10 a m 
and allowed to lemain theie till 4 pm A thermometer was placed on the top of the 
gunny bag Tq ]ust inside and touching the gunny , Ti, Tz, Tj, T 4 , at successive 
depths of about 4 mches until the bottom was reached, the last being at the 
bottom of the gram The temperatures were recorded every hour from 10 a m 

( 1039 ) 
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to 4 p M The followiug ere the vaiieties of grains so exposed ragi, Bengal 
gram, rice, bran, green dhall, horse gram, black gram, and dhall The following 
IS the summary of our observations — 

1 The maximum temperature with each giain was lecorded by the thermo- 
meter placed just undei ueath the gunny The maximum reading in different days 

varied between 40°C and 66°C , air shade tempeiature varied fiom 33 9°C to 
40 9°C 

2 The maximum temperatures obtained with any grain with the thermome- 
ters at various depths w ithin the giain varied from 33°C to 43°C 

3 The daily maximum temperature recorded was always between the hours 
of ] 2-30 and 2-30 PM 

4 Sudden falls in the temperatures were observed with changes in the \ elocity 
and the duection of the wind 

5 The heat-receiving powder of diffeient grains varied, eg, bran and rice 
w ich were bagged in similar kind of gunnies and exposed to the sun on the same 

ay under identical conditions gave tlie following centigrade temperature 
readings — 



Similarly, as regards black gram and dhall it was found that when both these 
were exposed to the sun on the same day, the maximum tempera tuie developed 
in the gimny contaming black gram was found to be 67°C , whereas dhall developed 
a temperature of only 66 C Similarly, when the maximum for ragi was 58 C , 
that for Bengal gram was only 62°C on the same day 

As noted by Cunnmgham (1911) a tempeiature of 49°C for 45 minutes is 
necessary to kill all fleas Since this temperature is only obtained on the surface 



C G Pandit, K P Menon and P F Seetliaiama Iyer 1041 


and ]ust below the gunny, this method of disinfestation would only be effective on 
the topmost la} er of giam no\t to the surface of the guniiv that is exposed to the 
sun 

A few experiments were then conducted to deteimme to what depth fleas or 
their larvffi penetrate into bagged grains (1) uiidei conditions obtaining in godowns 
and (2) wdien the bagged grain was exposed to the action of sunlight The grams 
stocked in godowns, however, are not always kept in bags, but are usually nieasuied 
and bagged onl}’^ at the time of tianspoit The loose fleas and then larvae found in 
godowns are, therefoie, lUceh' to be mixed up among the giains and well distiibuted 
m the bags at all depths 

The first set of obseivations were made to elucidate the following points — 

1 Wliethei adult fleas oi their laivai can penetiate through gunny and live 
in gram stored m gunny bags 

2 The depth from the surface of the gunny bag to W’hich they penetrate when 
mtioduced outside the bag and left at room temperature 

3 The period of tmie the adults oi their lai vse can live in such surroundings 

4 Whether any particular gram aftords better facilities for the conveyance 
of fleas from one place to another 


Technique of the experiment — As designed by Lieut -Colonel King, rectangulai 
boxes of deal-wood were made One end of each box was covered with a tightly- 
stretched gunny, while the other end was closed with a movable lid The whole 
box could be divided into compartments by means of removable partitions one inch 
apart The partitions were of thin tin plates which could be inserted when required 
without disturbing the grain The experiment consisted m filling the box with a 
grain after having removed all the intermediate partitions Bits of dried blood- 
soaked rag 01 rat faeces were placed between the meshes of the gunny A bag of 
muslin contaming a sufficient number of fleas which had fed on rats was tied over 
the gunny These were X aMa obtained from local rats The whole box was 
left lu a well-shaded room, the tempeiature of which foi the period {August- 
September 1929) varied from 28 2°C to 32 6'’C The w'et bulb reading for the 
same period ranged between 25°C and 26 5°C Just before each box was 
examined, the movable partitions were closed in so as to divide ofi compartments 
in the gram 

Two experiments with bran and one with rice were carried out each with five 
boxes 

The first four boxes were examined after 1, 2, 3 and 4 days respectively Smee 
all adult fleas were found to be dead in the last two boxes, the fifth or remaming 
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box was left for a foitniglit to see whether larva) survived In each box the contents 
of each compartment were examined m turn for live oi dead fleas oi then larva; 
A set of sieves of difleient giadcs was found useful m searching for larvse 


Results 


1 Adult fleas (.Y aslui) were found to lire not more than three days under 
experimental conditions during this season 

2 Eleas were found to have penetrated through the gunny (bran experiment) 
but they were all found dead in the first compartment adjacent to the gunny Most 
of the fleas were, howevei, lying dead on the suiface of the gunny itself 

3 Two larvae were obtained alive after 16 days in the compartment adjacent 
to the gunny (bran experiment) 

4 The box contammg rice did not show any flea oi larva) inside The 
presence of mites in huge numbeis in iicc is a factor to be considered m this 
experiment These are said to destroy flea larvae Theywere certainly present on 
this occasion 

These experiments suggest that — 

1 When bags are kept lu the shade fleas and their larvse exhibit a tendency to 
remain in oi move into that portion of the gram in the gunny bags near the suiface, 
for the adult fleas and then laiwa) were always found in the first compartment, 
1 e , at a depth not greater than one inch from the surface of the bag 

2 "While tlie average life of adult unfed clieopis is stated to be only a little 
longer than that of astia (Webster, 1930) this observation lathei suggests that the 
transportation of infected fleas is unlikely when the journey is of several days 
duration 


3 The diuation of life of the larvse under the same conditions is more than 
16 days This suggests the possibility of the introduction of fleas m their laival 
stage from one locality to another 


The fleas and their larvse in these experiments were introduced outside the 
gunny bag and kept in a room with a temperature range of only 28 2°C to 32 6 C 
Smee in the sun disinfestation of grams in gunny bags, the maximum temperatuie 
IS obtained on the surface of the gunny and the layer of gram just below it, it was 
considered possible that this method of disinfestation might result in the destiuctiou 
of all fleas and then larvse, if these continue to remain near the surface or tiy to 
escape outside from the bag when exposed to the action of the sun 

At Lieut -Colonel King’s suggestion two further experiments were designed 
and carried out by the second and thud authors (K P M and P "V S ) to test 
whether this inference was correct 
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ExPLEiJirNi T 

Live fleas (jf astia) removed from a rat and flea laivae were mixed up with 
rice hrau and introduced into the expeiimental box, the partitions having been 
removed previously The box was put out in the sun dining the hottest part of the 
day for three hours The paititions weie wedged in and each compartment was 
examined to see whether fleas and the Iai\a? were dead oi alive and in what compart- 
ment they were numerous 


Resrdts 

1 The largest pioportion of fleas was found collected in the thud compart- 
ment, 2 to 3 inches fiom the surface 

2 The fleas collected weie all dead except two The two live fleas were 
found in compartment III 

3 No living or dead laivie could be detected — probably all larvae were 
dead and could not be detected 


Experiment II 

Live fleas (Z aslta) immediately aftei removal from rats and flea larr ae w'ere 
introduced on the inside surface of the gunny iii the experimental box winch was 
then filled with nee bran The box was put out in the sun, gunny uppermost for 
two hours The partitions were wedged in and each compartment was examined 
in turn 


Results 

1 Fleas found in the compartment adjacent to the gunny and on the gunny 
were dead 

2 Live fleas were found m compartments II, III and IV 

3 Living larvte were also obtained in compartment III 

4 Df the 30 fleas recovered, 11 were from compartment II, and 9 from com- 
partment III, of which 4 and 6 were alive respectively In compartment I at the 
top, 9 dead fleas were found and in IV at the bottom which is usually as hot as the 
top, one live flea was found 

These experiments suggest that even if fleas tend to congregate on the peri- 
pheral layeis of gram in bags under normal conditions, they can and do actively 
migrate into the inteiior of bags uhen exposed to the action of the sun They tend to 
remain in that portion of the bag where the temperature conditions are the lowest 
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Accoidmg to Cunningham (Zoc cii ) a tempeiature of 49°C for 45 minutes is 
essential for the destruction of fleas It would, therefore, appear that even if sun 
disinfestation can be conducted at the most favourable time, i e , betu een 12-30 
and 2-30 p M , it would not be possible to obtain this critical temperature on all days 
and as the tempeiatures in the mteiioi of gunny bags had always been lower than the 
ciitical one, even undei favomable conditions, it would not be possible to have the 
entire giain so disinfested 

It must be lemembered that the necessity foi the disinfestation wall iisuallj 
aiise dining the plague season, i e , in the monsoons or the cold wmather when it is 
certain that the ciitical tempeiatuie lequucd w'ould nevei be obtained We 
therefore conclude that sun disinfestation as a practical pieventive measiue is of 
no value in the climate of South India 


Acknowledgment — We aie indebted to Lieut -Colonel H H King, i M s , the 
Directoi of the Institute, for his suggestions and ad\ ice m the couise of this work 
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Llthough a large numlier of the commoner food-stuffs used throughout the 
world have been investigated with leference to their vitamin potency, some of the 
relatively important Indian food materials still remain to be investigated In 
recent years some of the oldei methods of assay have been revised especially with 
regard to ‘ vitamin B ’ The recent lesearches of Goldberger e< aZ (1926, and other 
papers) have left little doubt that the so-called ‘ vitamin B ’ contained at least 
two factors Bi (the anti-neiintic vitamin) and Bj (the anti-pellagra vitamin), the 
absence of which from the diet produced quite distinct pathological symptoms in 
the experimental ammals Following on these important researches additional 
evidence has been presented that vitamins B] and B 2 are physiologically and chemi- 
cally quite unlike (Guha, 1931 , 1931a) and methods of biological assay for these two 
factors have been described (Guha and Drummond, 1929 , Guha, 1931, 1931a) 
These new facts have, m several countries, led to a necessary le-investigation of a 
series of food-stuffs which weie originally assayed for ‘ vitamin B ’ 

In the present paper experiments on the content of vitamins A, Bj, B 2 , and C 
in the Indian mango are described The three chief types of mango known in Bengal 
as the ‘ Langra ’, ‘ Bombai ’ and ‘ Fozli ’ were investigated As this work was in 
progress, a short report was published of the experiments of Perrj and Zilva (1 932) 
on the vitamin A, 0 and D content of the ‘ Alphonso ’, ‘ Cowasji Patel ’ and ‘ Shen- 
drya ’ varieties of the Indian mango They do not appear to have investigated 
the vitamin Bj and B 2 content A comparative estimate of our results and of 
Perry and Zilva’s indicates that, while m some respects the different varieties of the 
Indian mango have general resemblance to one another in their vitamin potency, 
there are certain differences among the several varieties in a few respects These 
results are discussed later 

Experimental 

(a) The assay of vitamin A — The methods of assay of vitamin A have been 
discussed extensively in recent years (Drummond and Morton, 1929 , Ahmad and 

( 1046 ) 
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Drummondj 1930 , Coward and Key, 1928) Tlie colorimet-nc method originally 
devised by Kosenheim and Diummond (192o) and modified by Cair and Price (1926) 
appears to be a reliable method for the estimation of \ilamin A, at least so far as 
the cod-hvei oils are concei ned The .ictivity of plant pi oducts appears, however, 
to be due not so mnch to the presence of the ‘ classical ’ vitamin A of liver oils but 
of its pieciiisoi, the lipochiome pigment carotene, which has been shovn to be 
converted into vitamin A in the body (Euler, Euler, and Hellstiom, 1928 , Euler, 
Euler, and Kaiiei, 1929 , hloore, 1929, 1930 , Collison el cd , 1929) Theautimon} 
'trichloride colour reaction of carotene is diffeient horn tliat given by the ‘ classical ’ 
vitamin A and the coloured solutions produced in the two tests have also different 
absorption spectra In the assay of plant products for vitamin A, it, therefore, 
appears desirable to adhere to the biological method 

Young albino rats of about 50 g weight, which w ere kept in separate cages with 
screened bottoms, rveie placed on the following basal diet — 

Diet (5) — ^Vitamin A — deficient basal diet 
Cassava starch (baked m the air oven at 105°C for 4 hours) 75 parts 
Casein (B D H ‘ light, white ’) 20 „ 

Dried yeast . 5 „ 

Salt mixture (McCollum) 5 „ 

Each of the rats received in addition one drop of Eadiostol (B D H ) on every 
Tuesday and Fiiday, to serve as a somce of vitamin D The rats began to decline 
on this ration after a period of 4 to 5 weeks The mango pulp to be tested for 
vitamin A was then fed to the animals at difteient levels A consequent gam in 
weight of about 10 g for 2 weeks was taken as a standard of good growth 

[h) The assay of vitamins Bi and B 2 — ^^^oiing albino rats of about 50 g weight 
were fed on a basal diet of the following composition — 

Cassava starch 75 parts 

Casein (B D H ‘ light, white ’) 20 , 

Salt mixture (McCollum) 5 , 

Each of the animals received separately in a dish 1 to 2 diops of a cod-liver oil 
of proved potency for vitamins A and D The animals to be used for Bi-tests 
were also given throughout a piepaiation of liver extract as a source of vitamin B 2 
(Guha, 1931a) made by extiactmg 700 g of fresh buffalo-livei with 1,166 c c of 
boiling water for 4 minutes The clear brown filtrate, while it was rich in vitamin 
B 2 , contained only traces of vitamin B, AYhen the annuals began to decline on 
this dietary, they were fed on the mango pulp at different levels A weekly increase 
m weight of 10 g lasting for 2 to 3 weeks was taken as the standard of good growth 
The animals to be used for vitamin B 2 -tests received in addition to the basal 
diet and cod-liver oil a preparation obtained from 1 ice-polishings in the following 
manner 1kg of iice-polishmgs was extracted with 3 litres of boiling water, acidified 
with 6 Q c concentrated HCl (Merck’s) for 6 minutes and filtered under suction 
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The filtiate was treated \Mth a saturated solution of neutral lead acetate just sufii- 
creut for complete precipitation After the iemo\ il of the lead precipitate, the 
filtrate r\as freed from lead with hydrogen sulphide and finally from hydrogen 
sulphide by concentration under reduced piessuie This was practically free from 
vitamin Bo The subsequent technique was the same as that used for the assay of 
vitaminBi That the extracts of liver and iice-polishings were veiv potent prepara- 
tions of vitamins Bo and Bi respectively is shown by the fact that they together 
sustained good growth for several weeks of the young rats fed on the diet deficient 
in the vitamin B-comple\ although neither, fed bj itself, could maintain growth 

(c) Biological assay of vitamin C — Guinea-pigs of 250 g to 300 g weights were 
fed on a basal diet of oats (85 g ) and bran (15 g ) with winch 1 per cent of cod-liver 
oil was incorporated In the course of two weeks they began to decline in weight 
The effect of mango pulp fed at different levels, eompared with that of lemon juice, 
on the growth curves of these animals was observed Annuals receiving neither 
supplement died with severe scorbutic symptoms Autopsy revealed extensive 
htemorrhages in the knee-joints and gums 

Preparation of the mango pulp 

A few mangoes of each variety were peeled and the pulp, scraped from the 
stones, was thoroughly disintegrated and mixed, and subsequently strained through 
muslin in order to remove fibrous material The thick liquid was then preserved 
in ambf i-coloured stoppered bottles at 0°0 while being fed 


Results 


Tlie variety of 
mango 

j 

Dose 
(oc ) 

♦ AvrRAGE WEEKL'i GROWTH (I^ G ) 
PRODUCED BY VITAMIN 

A 


B, 

B. 


3 



4 

10 

* Bombai ’ i 

1 

3 

6 


1 

10 


10 

1 

6 


13 3 



i 

3 


2 

1 

4 


‘ Langrn ’ J 

5 j 

0 

2 

4 


1 

7 

14 


11 


( 

3 



10 


' Fozh ’ i 

7 

15 


96 


1 

10 

28 





* Average weekly growth represents the average growth response of several aujmals to a 
particular dose 
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Vitamin C — ‘ Bombai ’ mango pulp was assayed for its vitamin C content 
at levels of 2 and 3 c c dady dose only The giimea-pigs died within 2 to 3 weeks 
with seveie symptoms of scurvy Higher doses were not tried 

Discussion and summary 

A comparison of our lesults with the pieliminar} leport published by Perry and 
Zilva {loc cit ) indicates that theie aie substantial vaiiations among the different 
vaiieties of the Indian mango So far as the vitamin A content is concerned, all the 
varieties appeal to be potent sources of this factor The \arieties, we have tested, 
are faiilv good sources of the ‘ i itamm B-com])le\ ’ The ‘ Bombai ’ mango is, 
howevei, much iichci in vitamin B-complex than eithei ‘ Langra ’ or ‘ Fozli ’ 

‘ Bombai ’ is apparently nchei in B^ than in Bj The other varieties were not 
tested directly foi vitamin Bo The vitamin C content of the ‘Langra’ lariety 
is not of the same oidei as that of lemon juice, w'hile the vaiieties tested by Perry 
and Zilva aie stated to be highly potent souices of \ itamin C This work suggests 
the desiiability of the investigation of all the varieties of a particulai fiiiit, as they 
are likely to didei materially from one anothei in then vitamin eontent 
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Organisms included m the genus Toxoplasma have been found m the blood 
and tissues of a numbei of different vertebrates in several parts of the world 
Toxoplasma cuniculi in the rabbit was first described by Splendore (1910) in Brazil, 
subsequently by Bourret (1911) m Senegal and by Brug, den Heyer, and Haga 
(1926) in Dutch East Indies As far as we are aware these organisms have not been 
reported from India Adie (1908) described a parasite in the Indian sparrow which 
Wenyon (1926) thinks may be toxoplasma In the course of certain experiments 
to ‘ blockade ’ the reticulo-endothelial system in the rabbit, we encountered this 
parasite in two out of twelve animals In these animals toxoplasma was apparently 
the cause of a severe fatal illness, characterized by progressive loss of weight, 
diarrhoea and anaemia As the circumstances under which these parasites were 
found are peculiar, we decided to publish this brief note about them 

The two rabbits that developed toxoplasma infection belonged to a batch of 12 
experimental rabbits that had received first a course of 15 injections of Indian ink 
and colloidal iron, followed by three intravenous injections of a culture oiLeislmama 
donovani Eight weeks after the last injection the two rabbits began to look sickly 
and to losp'weight They would not feed properly and were passing loose motions 
Repeated examinations of their stools revealed no Coccidia or other infection to 
account for the diarrhoea Peripheral blood examinations showed a high reticulo- 
cyte count (20 per cent) and a low leucocyte count together with an increase in the 
J, MR ( 1049 ) 9 
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number of laige moiionucleai cells On fuifcher examination of the blood of one of 
these the presence of Leishmania-like bodies within a few large mononuclear cells 
was detected Suspecting that we liad succeeded in giving this rabbit leishmania 
infection we decided to saciifice it Post-moitcm examination revealed a laige 
number of tiny ncciotic foci in the spleen and bvei Smears and cultures m N N I? 
medium, from the spleen, livei, bone-mariow and heait blood, were made Large 
niimbeis of toxoplasma W'eie found meveiy smear examined, but no growth of any 
organism was obtained in any of the N N N tubes inoeuUted 

The second rabbit, which was being kept under observation, was found dead 
one day about three weeks later, and toxoplasma were found m the smears from 
liver and spleen As decomposition had set in before the post-mortem exammation 
could be performed, no attempts were made to transmit the infection to other animals 
for fruther study 

The difterent forms of the parasite met with in the smears are given in 
Plate XLV Both iiitia-cellular and extra-cellular forms were seen, and they did 
not in any way differ from the textbook description of the organism 
The points of special interest about this finding are — 
that it IS now' shown that toxoplasma infection in rabbit does occur m India , 
that such infection appears to be the cause of se\ ere illness and death in these 
animals , 

that toxoplasma within large mononuclear cells may at times be mistaken for 
L donovani , 

that blockade of the leticulo-endothelial system by injeciions of colloidal 
lion and Indian role can, by lowering the resistance of the rabbits, 
probably cause a flare up of latent toxoplasma infections 
Our thanlvs are due to Lieut -Colonel R Knowles, i M s , Professor of Protozoo- 
logy, School of Tropical Medicine, for helping in the identification of the organism 
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Plate XLV 


Toxoplasma cumcuh. 



(The figures in. the plate represent camera lucida drawings of toxoplasma as seen m smears 
fixed and stained with Giemsa’s stain) 


Elga 1 to 6 Different forms of the parasite seen — Note great variation in size end shape 
Fig 7 A small group of parasites 
» 8 Dmdmg forms — longitudinal division 

9 A large cluster of parasites 

„ 10 A large mononuclear cell from the peripheral blood showing two parasites which 
resembled somewhat Leishmama donoiam 

.11 A large mononuclear cell from the spleen smear showing a dividing form withm a 

vacuole 

. 12 A large mononuclear cell from spleen smear showing a dividing form and a group of 
parasites 

, 13 A red blood corpuscle for comparison of size 
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A NOTE ON THE IlEVERSIBLE OXIDATION REDUCTION 
OF GLUTATHIONE IN LIVER 

BY 

KSHITISH CHANDRA SEN, d sc , 
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[Received for publication, December 2, 1932 ] 

Since the discovery of glutatluoue by Hopkms (1921) a large amount of 
literature has grown up concerning the role of this substance in physiological 
processes It was found by Hopkms that the SH group of glutathione could 
be easily oxidized and again reduced, and Hopkins and Dixon (1922) showed 
that muscle tissue, whether intact or thoroughly extracted with hot water, 
reduced the oxidized form of glutathione with ease, and the reduced form 
could again be oxidized by molecular oxygen In tissue oxidation therefore 
the function of glutathione was as a carrier of hydrogen from suitable donators 
to molecular oxygen by virtue of its sulph-hydiyl groupings The position, 
however, became complicated when Meldrum and Dixon (1930), studymg the 
properties of pure crystalline glutathione, found that glutathione was not auto- 
oxidizable, though the oxidized form could be reduced by tissues Impure 
glutathione was, as has been previously observed, auto-oxidizable, and the 
difference was found to be due probably to a metal and cysteine or cystemylglycine 
complex present rn the rmpme specimens Doubts therefore arose as to the 
true function of glutathione, because in vitro experiments the pure substance 
failed to show any uptake of oxygen m presence of washed tissue In view 
of this stability of the pure substance towards oxygen Hopkms and Elbot (1931) 
thought it desirable to study the reactivity of glutathione when present m fresh 
intact tissues and to follow its fate during the course of survival respiration It was 
found by them that the reduced form of glutathione in nonnal hepatic tissue was 
readily oxidizable to the disulphide form by molecular oxygen, and that the oxida- 
tion process was always initially associated with a reduction process, showing that 
the transport of hydrogen to oxygen is maintained, and indicating that the oxida- 
tion of the glutathione has real metabobc significance 

( 1061 ) 
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An important point to be considered in all glutathione studies is the fact that 
in piactically all living tissues glutathione exists mostly in its reduced form and 
though it must be assumed fiom Hopkins and Elliot’s work {loc ext ) that it is being 
continually oxidi/^ed by raoleculai oxygen when piesent in its natural surroundmgs, 
at least in the liver-tissiie, a continuous i eduction piocess must also be going on 
simultaneously and at any paiticular moment there would be a dynamic equilibrium 
between the two foims of glutathione It is, howevei, not known what are the 
agencies which keep the glutathione reduced in the tissues Erom the earlier work 
of Hopkms and Dixon it was piesumed that this reduction may be due to the fixed 
SH gioup of the thcimostable tissue, but Hopkins and Elliot {loc cit ) have found 
that livei-tissue heated to 50°C loses much of its redueing power, thus indicating 
that theie is some thermolabile leducmg system involved in the process It was 
theiefoie thought necessaiy to make a furthei study of this aspect of the problem, 
and at the suggestion of Piofessoi Hopkins an attempt was made to find out the 
natuie of the leducing systems As many of the experiments did not give any 
clear-cut result they will be mentioned only briefly later on, and as the present 
position of the subject is still in an unsatisfactory state, a short discussion will be 
given on the theoretical aspects of the problem 

Experimental technique 

The methods for the estimation of glutathione in tissues are not yet very satis- 
factory, but good duplicates were obtained by using Kuhnau’s (1931) proceduie of 
adding 20 c c of 25 per cent potassium iodide to the solution of the thiol compound 
before the iodine solution was run in The glutathione was extracted fiom the 
liver-tissue by coagulating the protein with 10 per cent tiichloi acetic acid, grinding 
it with sand in a mortar and filtering under suction The residue was again ground 
up with furthei addition of trichloracetic acid and filtered This piocess was 
repeated thrice, and the total thiol content of the combined extract was oxidized 
by means of excess of N/lOO iodine and the excess then determined by thiosulphate 
with starch as the internal indicator The total amount of iodine used up was 
considered to be eqmvalent to the whole of the reduced glutathione (c/ Hopkms 
and Elbot, loc cit ) In the majority of the experiments given below, fresh rabbit 
liver was used The tissue was dried within filter-papers and then thoroughly 
chopped up by means of a pair of scissors This method did not break up the cells 
and gave qmte uniform results Known weight of the tissue was taken in bottles 
or in tubes which could be evacuated (depending on the nature of the experiment, 
aerobic or anaerobic), and mixed with a certain amount of Ringer’s solution con 
taimng bicarbonate, suitable for mammalian tissues, and then the substance or 
substances whose effect was being studied were added The pH of the fina 
mixture was kept at 7 6 The bottles or tubes were then shaken vigorously m a 
shaker for drflerent periods of time at room temperature, after which the glutathione 
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content was estimated A diop or two of tliloiofoi m \\ as added to pievcnt bacteiuil 
growth Ablank detcimination befoie the slait of tlie e\peunient gave the oiiginal 
amount of glutatluone in the sample 

The nature or the TiiLRMOLvniLE reducing sysiem in liver 

A number of investigators liave pieviouslv tried to reduce oxidized glutathione 
by means of a specific debj-drogenase and its substrate, foi example suceinic 
dehydrogenase, xanthine oxidase, etc (Hopkins and Dixon, 1922 , Elliot, 1928), 
but the positive lesults of Wieland and Beigel (1921) with succinate have not been 
substantiated The results obtained by me i\ith substiates like succinate, lactate, 
etc , also gave similar negative results, and when chopped livei -tissue was kept in 
aerobic incubation with the addition of these substrates tlieio was no indication 
that a highei reduction of disulphide was obtained as compaied with the contiol 
The presence of glucose, however, sometimes gave slightly positive indications 
Thus the following details will give the lesults of a few experiments with g'ucose, 
succinate, and lactate, and incidentally will show the proctdui e adopted for the 
experimentation — 

Ten grammes of chopped labbit liver were placed m wide-mouthed bottles 
and 20 c c of bicarbonate-Ringer’s solution were added to each Two bottles served 
as controls, while in others, glucose, sodium succinate, or sodium lactate was added 
to make the concentration 2 5 pei cent with regard to the added substance The 
pH was adjusted, the bottles were tightly stoppered by means of rubbor-stoppeis, 
leaving a sufficient air space, two drops of chloroform weie added and then the 
bottles were shaken in a motor-driven shaker for four hours Aftei this peiiod, 
trichloracetic acid was added to all the bottles and tlie total thiol content in eadi 
was estimated in the way stated above The results, of three such experiments 
are shown in Table I — 


Tarle I 


Contentb of bottle 

Initial amount of 
SH in terms of 

I„ N/lOO e c 

I inal amount of 
iSH in terms of 

I. 

Amount of .Slf 
oxnli/ed 

Experiment I 
(a) Pure liver 

1 

10 22 

0 8 

MS 

(6) Liver succinate 

10 25 


) 10 

(c) Liver -f- gluco'o 

10 21 

0 0 

105 

Experiment II 




(a) Pure liver 

11 0 

Hr,r, 

2-15 

(6) Liver -p lacEitc 

11 0 

821 

2 77 

Experiment III 




(a) Pure liver (8 grammes) 

0 1 

2 10 

0')5 

(b) Luer + filuco'c , 

1 

9 1 

2 00 

j 

0 H 
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Tlie (lifteieui; experunents weic earned out wfch the livers of different; 
animals It mil bo observed fiom the results of expenments land II given 
in Table I that the differences in the amount of oxidation of SII in presence 
01 absence of succinate, lactate oi glucose in four hours Avere not marked, 
and as the eiior m the analytical method may go up to 10 per cent, no definite 
acceleiatiou of the lediicing piocess can be Assumed fiom these results 
These experiments, thercfoie, support the conclusions amved at by previous 
authors Glucose, howevci, sometunes gave a fluctuating result as the following 
expeiiment with sheep Iwei will show The experiment was made in a 



Fig 1 — Showing the effect of glucose A — 
initial amount of SH , B — amount of 
SH of liver + glucose , and C — SH 
of control tissue after 3 hours 


way similar to that given above, 8 giammcs of chopped sheep hvei 
used instead of fresh rabbit livei The initial amount of SH was equiva cn 
to 3 45 c c I2 N/lOO, the amount of SH aftei 3 houis of aerobic shaking was 
equivalent to 1 95 c c I2, wheieas the amount of SH in piesence of 2 5 

glucose (ordinary Hingei’s solution was used) after 3 hours was equivalent to ® ^ 

I2 The difference between the contiol and the glucose expeiiment 
35 per cent, showing that under some circumstances glucose could be ac iva 
as to supply hydrogen to the reducing mechanism so that moie reduction occi 
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111 liver in its presence during survival lespiration This result is shown in Figure 1 
(see also Exjieiimcnt III, Table I) 

EeDUCTION or added oxidized GIUTAmiONE 

Hopkius ind Elliot (he cit) have already slioinn tliat oxidized glutathione 
(SS form), if added to livcr-tissuc, can be reduced to the SH foim even in presence 
of molecular oxygen In order to find out bow far the results can be duplicated, 
the following exjierimeut was carried out To 10 grammes of sheep liver (16 hours 
old) in different bottles 40 mg of oxidized glutathione, dissolved in dilute alkali 
and pH adjusted, were added and the bottles were aerobically shaken along 
with controls for different periods of time The puie oxidized glutathione 
w'as obtained according to the method of Pine (1931) Reduced glutathione 
W’as prepared from yeast (Puie, 1930) and this was then oxidized by means 
of hydrogen peroxide and the oxidized glutathione w'as then crystallized 
Table II giycs the result of this experiment — 


T^vble II 




Final SH in 

terms of I 

Contents 

Initial SH in 
terms of I. 

} hour shaken 

4 hours shaken 

(a) Pure Lver 

1 

110 

94 

6 1 

(h) Liver and oxidized 
glutathione 

11 0 

11 5 

70 

j 


In Figure 2 the data of Table II are graphically represented It will be observed 
that during the imtial period, the rate of reduction by the reducing system of the 
liver IS much greater than the oxidation of SH by molecular oxygen and hence 
there is a rise in the SH content of the system The oxidative mechanism, 
however, gets the upperhand after some time, probably due to the exhaustion of 
some metabohte, and after four hours of aerobic shaking there is a fall m the total 
SH content, though even after that period, the total SH of the system containing 
oxidized glutathione remains higher than that containing no added disulphide 
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The foim of the cuives is quite similar to that obtained by Hopkins and Elliol 
and all these lesults weie obtained before the publication of their paper 



Tia 2 — Showing the eJIcct of addition of SS A — initial 

SH , B — Ii\ er + SS , C — liver, control 


Effect of urethane 

In a recent paper (Sen, 1931) the author has studied the eflect of some narcotics 
on dehydrogenases and has found that narcotics liave an efiect on systems vrhicli 
act in conjunction with Keilin’s cytochrome system In order to find out the 
nature of the reducing system in liver, it was therefore thought desirable to make 
some experiments on the effect of narcotics on the oxidation and reduction of 
glutathione m liver Two senes of experiments have been done one — aerobic, 
and the other — anaerobic In anaerobic experiments where the oxidative factor 
IS dormant, Hopkin*? and Elliot have already shown that the SH content gradually 
increases due to the i eduction of preformed oxidized glutathione It is therefoie 
not necessary to add any oxidized glutathione to such a system to make the reducing 
mechanism evident The experiment was therefore arranged simply by adding a 
certain amount ot narcotic to chopped liver -tissue placed in a Thunbeig tube, addiUo 
the usual amount of bicarbonate-Eingei’s solution, and then evacuating it Along 
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with controls these tubes were then shaken in the usual way and after the experi- 
mental period, these weie opened uudei 10 pei cent tiichloracetic acid solution In 
Table III, 10 giammes of labbit livu and 5 pei cent ethyl urethane were used — 

T.VBLE III 


Anaerobic expeiment 




Finil SH 

Conlenta 

Initial SH 

After 2 hours 

After 4 hours 

(a) Pure li\cr 

7 Jo 

104 

11 2 

(6) Liver -p urethane 

7 35 

9 5 

i 

93 


Figiue 3 shows the results of Table III It will be observed that the reduction 
of some preformed SH goes on rapidly on anaerobic incubation of liver-tissue and 



0 2 4 

Hours 

Fio 3 — Showing the effect of urethane on anaerobic 
reduction of SS A — initial SH , B — liver 
urethane , C — pure liver, control 

hence the reducing mechamsm is fairly active It will also be noticed that 5 per 
cent urethane diminishes this reducing action considerably and after four hours’ 
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standing, the diheiencc between the total SH content of the contiol and narcotized 
hver IS about 28 per cent of the initial SH In other words, the inhibition of the 
leducing mechanism is aliout 28 pei cent In Table IV tlie eftect of 5 per cent 
urethane on the aeiobic reduction of added oxidized glutathione by Iiver-tissue is 
shown Ten grammes of labbit liver and 40 mg of disulphide nere used 


Tablc IV 


Contents 

Initial SH 

Tinal SH after 

4 hours 

(o) Liver + disulphide 

7 1 

11 75 

(fi) Liver + disulphido -p urc 

7 4 

! S 55 

thane 


1 


The data in Table IV are shown in Figure 4 It will be observed that in the 
case of aerobic exiieriments also uietluue has a definite cfiect on the mechanism 



Fxa 4 — Showing the effect of urethane on the aerobic 
reduction of added SS A — initial SH , 
H — liver + urethane + SS , C — liver + SS^ 
control 
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responsible for the reducing action of livei on the oxidized glutathione These 
results, therefore, raise the question of the natuie of tlie reducing system in the 
hver-tissue 


Discussion 

It has already been stated that the thermostable tissue residue reduces 
oxidized glutathione to a certain extent and, besides this, some thermolabile 
system is also concerned m tlie phenomenon Though no dehydrogenase system 
^\as known to reduce oxidized glutathione when this work was done, it has 
recently been found by jMaun (1932) that an enzymatic system, simdar to that of 
Harrison’s glucose dehydrogenase (1931), can be obtained from liver in a cell-free 
condition which gives a slight reduction of oxidized glutathione when mcubated 
along with glucose The varying results obtained by me when liver-tissue was 
incubated with glucose are thus explained This reduction is not, however, very 
great and it is still an open question as to what is the proportion of reduction by 
this system compared \\ ith tlie total reduction by the whole of the thermolabile 
system The effect of some other substances, such as urethane, brings in other 
difficulties Hopkins and Elliot found that the rate of oxidation of SH is 
not at all mhibited by carbon monoxide and as such the oxidative mechamsm 
IS not related to Keilin’s oxidase-cytochrome system or Warburg’s ‘ Respiratory 
Enzyme ’ In fact, as the oxidative reaction goes on equally well when liver- 
tissue IS heated to 70°C , Hopkins and Elliot believe that the oxidative process 
IS not enzymatic at all, though it is cyamde sensitive, and hence the oxidation 
catalyst is probably iron in combination with cystine The oxidation is inhibited 
by pyrophosphate M-30 and also by aa dipyndyl 

It IS thus apparent that though the oxidative process is not enzymic, the 
reduction process is iiffiuenced by a system part of which is undoubtedly enzymic, 
and we may assume that one or more dehydrogenase system is involved in the 
phenomenon A study of the effect of narcotics is therefore specially interesting 
It IS well known that narcotics act in virtue of their capillary effects on the surface 
of catalysts, and it is thus reasonable to assume that a part or whole of the reducing 
process in liver may be due to a surface action It is also well known that the 
action of some of the dehydrogenases (Sen loc cit ) which act in combination with 
cytochrome is inhibited by narcotics, and hence it is to be considered whether the 
inhibiting effect of urethane, as found in this work, is on a dehydrogenase system 
or not It IS to be remembered that the effect of the urethane might be on the 
thermostable tissue and not on the thermolabile system, but a definite conclusion 
on the latter point cannot be reached until all the dehydrogenases have been isolated 
and the action of urethane on them is studied It is difficult to decide at present 
as to the substrates on which urethane is acting in a complicated system like liyer- 
tissue The work described in this paper has not therefore cleared the outstanding 
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difficulties of the subject, but in addition to confirming some of the previous findings, 
a few facts winch may be of mteiest in elucidating the mechanism of the reactions 
involved have been given It would theiefoie be w’ell to summanze our knowledge 
of the present position of the subject — 

Liver contains a reducing mechanism bj virtue of which oxidized glutathione 
can be reduced and part of which is ceitainl}' enzj-mic in nature Ordinarily, fresh 
well-fed rabbit liver contains most of the glutathione in its reduced form (c/ Hopkins 
and Elliot, 1931), and if the liver is allowed to stand under aerobic conditions, the 
SH remains at first constant for some time, but finally disappears, the oxidation 
process getting the upperhand AVhen, liowevei, liver-tissue, part of whose SH 
has been oxidized, is put under anaerobic conditions, its SH content begins to rise 
again, thus showing that the reducing system is still active It is apparent there- 
fore that during the aerobic incubation of r hopped liver, the velocity of reduction 
of the disulphide form (SS) may be equal to the velocity of oxidation of SH during 
the initial period in the case of well-fed rabbits, tlioiigh ultimately the rate of oxida- 
tion predominates over that of the other )Since the efiect of this reducing system 
IS to counteract the oxidizing efiect of molecular oxygen it is of interest to inquire 
why the reducing mechamsm fails after a short time, and it seems possible that the 
limiting factor in this case may well be the exhaustion of a hydrogen donator 
Obviously succinate, lactate or glucose have not served as hydrogen donators 
under the conditions of the experiments described in this paper, though glucose 
dehydrogenase system has been found in tn iiUo experiments to efiect some 
reduction of oxidized glutathione, and this probably forms a part of the thermo- 
labile reducing system of liver 

It has been shown that the addition of extra disulphide (SS) to hvei-tissue 
increases the amount of SH for some tune This means that there was probably 
a lack of SS to be reduced by the reducing system which was not saturated by the 
already existing amount of SS Also in presence of excess of SS, the equilibrium 

SS ;;^SH may be shifted to the right during the initial period 

The efiect of urethane shows that at least a part of the lednction process is a 
surface reaction which is inhibited by narcotics as usual, but it cannot be definitely 
stated at present whether this efiect is on a dehydrogenase system or not 

The oxidation catalyst in liver seems not to be an enzymic one, but is a metal 
in combination with cystine It appears that Keihn’s cytochrome-oxidase system 
does not take any part in the reversible oxidation-reduction of glutathione m 
liver It may be that we are dealing here with a new and highly specific oxidation 
catalyst 

Einally, a few remarks may be made on the condition of glutathione in other 
cells It has been found by Meldrum (1930) that reduced glutathione in yeast cells 
is not appreciably oxidized by continued aeration and that this stabihty of the 
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tluol form IS not due to any reducing mechanibin as found m the case of liver -tissue 
This means that glutithionc does not take any pait in the oxidation-reduction 
phenomenon of yeast cell respiiation and theiefnie the function of glutathione in 
veast 13 quite different from that m mammalian tissue Another interesting fact 
observed by Meldriim (1932) is that m the reduction of SS in mammalian red blood 
cells, mtact cellular structure is necessaij, whereas from Jlann’s work it is clear 
that a cell-free system which u ill reduce oxidized glutathione, can be obtained from 
liver Hopkins and Elliot ha^ e also found that grinding the liver-tissue with sand 
does not inactivate, though it reduces to a certain extent, the reducing mechamsm 
of the tissue so far as disulphide glutathione is concerned These facts thus indicate 
important differences between different cellular structures and seem to show that 
glutathione may not have the same fimction in different tissues 
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COI^IPLEMENT-FIXATION IN VARIOLA 

BY 

K V VENKATARAMAN, m d , d t m 
{F)om the King Institute, Gtnndg) 

[Received for publication, December 5, 1032 ] 

Complement-fixing anti-boclics m the seium of vaccinated caheq were first 
demonstiated by Jobhng (190G) Since then numerous observations have been 
published on tlie complcment-fi\ation reaction with the semm of rabbit, calf and 
man infected with vaccinia using as antigen either vaccine lymph or crusts or 
pustules of smallpox Reports on human serum from cases of smallpox have been 
relatively few and conflicting in their conclusions 

Gordon (1925) from a review of the literature and the result of his own work 
concluded that specific complement -fixing anti-bodies are of constant appearance 
in response to infection eithei by vaccinia or variola He himself obtained satisfac- 
tory fixation between anti-vaccinia serum and antigens of calf-lymph and smallpox 
crusts Schultz, Bullock, and Lawrence (1928) have criticized the positive reports 
of previous investigators as not demonstrating conclusively the specificity of the 
observed reactions on the ground that the virus preparations used had universal^ 
consisted of material contaminated with bacteria and adequate controls to eliminate 
this source of error had not been included They were themselves unable to detect 
any specific complement-fixation with the sera of rabbits immunized against 
bacteria-free brain-virus Bedson and Bland (1929) reported positive complement- 
fixation m the sera of 4 guinea-pigs immunized against a guinea-pig strain of 
vaccima They included among their controls bacterial antigens prepared directly 
from the contaminating organisms Gilmore (1931), using a culture-virus prepared 
after the method of Maitland and Laeng (1930) as antigen, demonstrated fixation 
of complement m the sera of immunized rabbits and from 8 cases of smallpox 
He found that calf-lymph was an equally satisfactory antigen in the test and quite 
specific Thompson, Hazen, and Buchbmder (1932) have confirmed the specificity 
of the reaction m rabbits in an adequately controlled series of experiments 
Parker and Muckenfus (1932), using as antigen the contents of a pustule of 

( 1063 ) 
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smallpox, ol)tamed positive complement-fixation in the sera of each of 7 
vaccinated persons and 14 out of 16 smallpox cases Ten control sera from cases 
of varicella, impetigo, pemphigus, etc , wore negative 

During the course of an investigation on the therapeutic value of convalescent 
sera in smallpox, undertaken by othei mcmbeis of the Institute, the oppoitumty of 
having a number of sera from known cases of smallpox was availed of to demon- 
strate the presence of specific complement-fixing anti-bodies in them 

In the experiments heie reported sera from 20 cases of smallpox, from 
2 healthy adults who had had smallpox m childhood, 8 cases of chickenpox and 
6 Wassermann positive sera were tested against an ant’gen of calf-lymph 

Technique 

The usual modified Wassermann technique was adopted and except for the 
following details does not lequiie desciiption Antigen Calf-lymph issued from 
the Institute for vaccination, which was a 1 in 5 glycerine dilution of the virus 
material, was diluted in 40 volumes of normal saline at the time of the test and the 
coarser particles allowed to settle down The sbghtl} turbid supernatant was used 
as the antigen Preliminary tests had shown that it was not anti-complementaiy 
in double this strength Seia All the sera used in the test were previously inacti- 
vated in a water-bath at 56°C for half an hour They were used m dilutions ranging 
from 1 m 5 to 1 in 40 and the serum control in a dilution of 1 in 5 Complement 
Pooled guiuea-pig serum which had been left in contact with the clot overnight 
This was titrated against 3 per cent sheep cells sensitized previously with 5 
M H D of amboceptor Three M H D of complement was used in the tests 
throughout HcemolyUc system three per cent washed sheep erythroc}tes 
sensitized with 5 M H D of amboceptor were used 
The usual serum and antigen controls were included 

In the tests, 0 1 c c was the unit of volume adopted One volume each of the 
serum dilution, antigen and complement were mixed and allowed to fix for 20 to 22 
hours in a Copeland refrigerator (temperature 6°C to 8°C ) Then one volume of 
sensitized cells was added and the tubes incubated in a water -bath at37°C for half 
an hour The readings were taken immediately 

Results 

From the results recorded in the Protocol appended it wall be seen that the 
sera from the cases of smallpox have fixed complement in dilutions up to I m 40 
Only in 3 it has been as lovr as 1 in 10 There was no fixation of complement 
m the healthy adults who had smallpox several years before Number 20 in the 
Protocol had chickenpox and his blood was taken on the 11th day of the disease 
as one of the control series When the test was found to be positive, an inquuy 
mto the previous histor;y was made and rt wgs found that he had been m hospita 
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only a month previously for modified smallpox. The othei cluckenpox cases had 
not had smallpox and had not been x^acciuatcd lecently Wassermann positn'e 
sera were included in the controls to avoid tlu fallacy of non-specific fixation 
Wassermaim tests were done on all the seia and the result is given m the last 
column of the Protocol — 


Protocol 




Uaj of 
diaeiLse 

Sebum dilution 

Serum 


Number 

Diacaso 

5 

1 in 10 

o 

Cl 

s 

o 

a 

pH 

control, 

1 m 5 

M asserniann 

1 

Smallpox. 

35 

++ 

+ + 
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± 

- 
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+ + 

-I- + 
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»* 
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- 

- 

4 


24 

t- 

+ 


- 

- 

— 

5 

*) 

21 

1 

++ 


-f 

rb 1 

- 

- 

6 

ft 

! 

h 

i 

d: 

_ 

- 

- 

7 

tt 

34 

-n- 

+ -t- 

++ 

++ 
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21 

++ 

++ 

++ 

++ 
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9 

It 

10 

++ 

++ 

++ 

++ 

- 
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1 

26 

-b-f 

++ 

++ 


- 

- 

11 

»l 

15 

-f-f 

++ 

++ 

-f + 

- 

- 

12 

If 

20 

+-(- 
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++ 

+-I- 


- 

13 

If 

20 

+ -f- 

++ 

++ 

■f-f 

- 

- 

14 

If 

29 


+ + 


++ 

- 

D 

15 

it 

26 

+ "1" 

-h-f 

+ + 

++ 

- 

- 

16 

II 

37 


-l--f 


++ 

- 

- 

17 

II 

25 

-f--b 

+ + 

d” + 

+-1- 

- 

- 

18 


16 


+ + 

-t--)- 

++ 

- 

- 

19 

I „ 

r- 

30 

+ 

=b 

i 

- 

- 

— 


II 


++ 

?— 

-h+ 

+ 

- 

D 

21 

Cbiokenpo'^ 

11 

1 

— 

- 

- 

1 " 

— 

22 

11 - 

20 

! 

— 

- 

- 

! 

Not done 

23 

11 1 

1 

16 

?± 

— 

— 

1 

— 

1 


J, MR 


10 
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Protocol — concld 


Number 

Disease 

Day of 
disease 

1 

Seuum dilution 

Serum 

control, 

1 in 5 

1 Wassermann 

1 

1 

1 

- i 

1 in 10 

o 

a 

i-N 

o 

rr 

g 

24 

Chiokenpo\ 


9 

1 _ 

— 

1 

1 

— 

D 

25 

1 

Smallpox several 



j 

^ 

i 

^ 

— 





years before 

i 


1 

i 


i 




27 



1 

1 

1 


— 

— 

— 

1 

— 

+ + 

28 





— 

— 

— 

! 

— 

+ + 

29 


Wassermann posi- 


1 


_ 



— 



+ + 



tivo sera 

1 








30 





— 

— 

— 

— 

— 

+ + 

31 





— 

— 

— 

— 

— 

++ 

32 



1 


_ 1 

— 

— 

— 

— 

-l"f 


— Complete hsemolysis ++ Complete mlubitiou of hrcmolysis +, ± Partial mhibition of 
htemolysis D doubtful 


Conclusion 

Specific complement-fixing anti-bodies are regularly present in the cases of 
smallpox and can be satisfactorily demonstiated by using a calf-lymph, antigen 


My thaulcs are due to Lieut -Colonel H H Kmg, Director, King Institute, 
Gumdy, for permission to publish these results 


REFERENCES 


Bbdson, S P , and Bland, J 0 W 
(1929) 

Gilmobe, E St G (1931) 

Gokdon, M H (1925) 

JOBLINO (1906) 

Pabkeb, R F , and Muckenvus, R S 
(1932) 

SoHULTZ, E W , Bullook, L T , and 
Lawebnoe, F (1928) 

Thomtson, R , Ha7En, E L , and Bdoh- 
blndeb, L (1932) 


Brit Jour Exper Path , 10, p 393 

Ihid, 12, p 165 

Med Res Gouncit Spl Rep No 98 
Jour Exper Med, 8, p 707 (Quoted by Gordon tbtd) 
Proc Soc Exper Biol a Med , 29, p 483 (Abstracte 
m Zcnt f Balt Parasit u Injelt , 107, p 19® ) 
Joui Immunol, IS, p 243 


Ibid, 


22, p 188 













hit /our Med i:c.i, XX, 1, Ipnl, 103J 
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BY 
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P V SEETHARAMA IYER, m a 
{F)o»i the King Institute, Gmndij) 


[Reoeivod for publication, December 6, 1933 ] 

Introduction 

In the course of a rat-flea survey of the Madras Presidency supervised by 
King and Pandit (1931), it was noticed that places surveyed between September 
and January showed higher flea indices than those which were surveyed durmg the 
hot and dry months of the year The data for this observation were obtained 
during a rapid general survey lasting for about 2 years of a number of different 
selected representative localities in the Presidency The ideal data for a study of 
the seasonal and climatic changes would be those obtained from localities in places 
representative of different types of climate during surveys carried out either 
continuously throughout the year or at least once in each different season 
Accordingly, it was decided to survey Saidapet, Bellary and Coimbatore on these 
hnes Unfortunately, owing to financial stringency, the number of visits had to be 
curtailed The surveys were all done by the ]umor author (P V S I ) 

Description op towns surveyed 

Saidapet, a low-lymg town m the Chingleput district, is five miles from Madras 
and, from the point of view of a flea survey, may be taken to represent Madras City 
It has no record of any outbreak of indigenous plague and the species of flea present 
on the rats is X astia only May and June are the hottest months (mean temper- 
ature 86 6°E ) The hot winds that blow during this period make the heat dis- 
agreeable This IS mitigated by the south-west monsoon from July to September, 
but the effect is not great and the temperature does not come down much until the 

( 1067 ) 



1068 


Pievaleiice of Rats and Rat-Fleas %n South India 


breaking oE the noith-east monsoon in the latter half of October The mean 8 am 
tempeiatnre foi the -whole year is 83°F , the temperature vanes from 76°F m 
December and January to 110°F in June 

Belial y is the hcadquaiteis of the Bellaiy distiict on the Mysore plateau and is 
1,484 feet above sea-level The town is on a flat, almost treeless, expanse of black 
cotton soil with rocky hills here and theic Bellarv district has had plague almost 
every year " Plague seems to be endemic in this distiict, the neighbouring parts of 
Mysore and the Bombay Presidency The species of rat-fleas present are X asha 
and X cheo'pis 

The most marked feature of the Bellary climate (Table I) is the marked diurnal 
variation in temperature Days burning hot at noon aie usually followed by cool 
mghts From March to June the tempeiatnre is unpleasantly high It is highest 
in April — mean temperatuie 90 4°F This is followed by the south-west monsoon 
and then by a good cold weather from November to February when the temperature 

Table I 


Meteorological data for months of survey 


1 

1 

Temperature 

Humidity 

Ham 

fall 

(Inches ) 

1 

Penod of 
survey 

5Ia\iinum 

Minimum 

1 

Mean 

Mean 

dry 

bulb 

temp 

Mean 

wet 

Mean 

humi 

dity 


Mean 

Highest 

Mean 

Lowest 

range 

bulb 

temp 



Coimbatore 


December 

83 5 

80 

67 5 

61 

16 0 

72 7 

68 6 

81 

4 93 

April 

95 8 

99 

75 0 

72 

20 8 

81 7 

74 8 

71 

184 

July 

86 0 

90 

714 

1 

70 

i 

14 6 

75 6 

714 

1 

82 

1 

103 





Bellary 





May 

102 1 

107 

78 5 

70 

23 6 

73 5 

64 7 

58 

0 81 

November 

1 85 5 

1 90 

j 67 9 

1 62 

1 17 6 

1 73 5 

69 2 

79 

102 


Saidapet (Madras) 


December 


85 


64 

1 

[ 76 8 

72 

5 

1 

84 

i 

4 76 

March 

89 6 

93 

72 6 

69 



75 

2 

78 


August 


99 

78 5 

76 

16 6 

83 8 

76 

6 

70 

3 91 
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sometimes falls below 55°F The dryness of the air at Bellary makes the high 
temperatures far moic bearable than in the damp coastal towns The driest 
and the dampest peiiods of the year are the end of Maich and the beginning of 
October respectively , the percentage humidity at these times was 43 and 88 
m 1930 

Coimbatore is the headquaitcrs of the Coimbatore district which forms a 
buffer between the west coast and the eastern districts of the Presidency It is 
situated just to the east of the Palghat gap — a large break in the line of the Western 
Ghats — and lies south of the Mysore plateau It is 1,348 feet above sea-level 
Epidemics of plague used to recui every year until 1923 since when there has been 
uo plague All three species of XenopsijHa are found The mean annual tem- 
perature IS 77 6°F The month of April records the highest monthly average 
(85 4°P ) The south-u est monsoon which blows during the summer from mid- 
June to September, though it does not help Coimbatore by abundant rams, 
gives light showers and lowers the temperature September records a second 
rise m temperature (80°F ) which agam drops with the onset of the north-east 
monsoon m October givmg a ‘ cold ’ weather from November to February The 
humidity is generally high It is highest in October, Noyember and December, 
the mean figures being 83, 91 and 85 The minimum humidity is in May, 
the mean percentage being 77 The rainfall is comparatively small — average 
27 inches— although situated in the path of both monsoons it does not fully 
benefit by either 


Method of subvey 

Originally it was decided to survey the three places selected durmg (1) the 
cold weather after the north-east monsoon, (2) the hot weather, and (3) the south- 
west monsoon Coimbatore and Saidapet were surveyed three tunes covering the 
different seasons but unfortunately only two visits to Bellary were possible, the 
first duiing the hot months of April and May and the second early m November 
at the end of the south-west monsoon 

The survey of each place durmg the different seasons extended to about 10 
days on each occasion A general survey of the whole town was not done for the 
purpose of this mquiry — they had been fully surveyed in the general survey 
previously referred to (Kmg et al , 1929 , Pandit et al , 1930 , Kmg et al , 1931) 
The mam bazaar and the residential area as represented by two or three streets 
away from the bazaar were selected for study At Coimbatore and BeUary, both 
centres of the cotton tiade, separate data were obtamed for fl^eas m cotton miUs 
and cotton and gunny godowns The same locahties were surveyed at successive 
seasons to get results of comparable value As far as possible the proportion 
of rats obtained from each area in the town was kept nearly uniform durmg the 
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different suivcys All the surve)'s weie carried out at a time when local rat 
epizootics 01 plague weie non-existent 

The usual technique was adopted Tiaps containing lats were enclosed 
in stiong calico bags and so on 


Eat density 

Municipal rat-tiapping has been in piogiess at Coimbatoie and Bellary for a 
number of years On an average 22,380 rats are destroyed annually at Coimbatore 
while at Bellary the figure is nearly 27,650 pei year The figures for the average 
number of tiaps distiibutcd eveiy month aie not available The actual figures for 
the lats caught at Coimbatoie in different seasons in the five years 1926 to 1931 
aie as follows — 


Season and months 

1920— 

1927 

1927— 

1928 

1928— 

1929 

1929— 

1930 1 

i 

1 

1930— 

1931 

Average for 

6 years for 
each season 

1 

Cold weather, November to Febru 
ary 

G,202 

7,185 

6,882 

8,370 

9,232 

7,586 

1 ' 

i 

Hot dry weather, March to June 

6,946 

6,184 

6,116 

7,680 

8,860 

1 7,167 

Hot weather with monsoon, July to 
October 

7,447 

6,745 

6,305 

9,582 

1 

7,675 

i 

1 

7,551 


If we assume that the number of traps set was roughly the same for each 
month, then the figures for the rats caught each month m the five years 1926 to 
1931 show that the densitj^ of lats is pjaclically umfoini except foi a slight diop 
in the hotter and drier months of the year It is interestmg to speculate 
whether this last is an effect of the hot months on the rats themselves or on their 
catchers — for the effect of hot weather on human activities must not be lost sight 
of in work such as this !Mo deductions can be made from the figures for rats 
caught in Bellary as they have been kept foi only one year 

The density for Rattus raitus at Coimbatore is the lowest among the areas 
surveyed On the other hand mice were relatively abundant Not a single mouse 
was obtained at Bellary or Saidapet If we take thenumbei of lats killed as an 
index of the numbei of rats living, we find that the trappmg of rats in the last 
5 years at Coimbatore has not resulted in any appreciable decline in the rat popula 
tion there has even been a slight increase As regards our own survey, the figures 
for rat density are given in Table II They are best considered separately for each 
area 
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Tablf II 
Ruts 


Period of survey 

Ndjidfu 01 if nitluscMom j 

if niUus DENSiTi (if ralhis 
rOK 100 TRAPS ) 


Wliolo 

area 

Ba/iuir 




Residential 

aiea 


ContB VTOKE 



142 1 

1 

53 

56 

28 8 

1 29 3 

1 26 4 

23-3-1931— S-l-lOll 

123 

51 

59 

22 3 

' 27 4 

22 4 

16-7-1931—20-7-1931 

199 

74 

8) 

30 9 

38 9 

1 

27 8 


BEMJjir 


28-1-1931—7-5-1931 

235 

70 

77 


87 8 

47 0 

30-10-1931—7-11-1931 

179 

58 

57 

47 2 

54 7 

30 2 


Saidapet 


1-12-1930—12-12-1930 

142 

80 

62 

60 0 

108 0 

38 0 

11-3-1931—22-3-1931 

167 

96 

61 

64 0 

79 0 

40 0 

2-8-1931—22-8-1931 

114 

53 

56 

41 5 

40 0 

43 0 


Coimbatore — Density least m both bazaar and residential areas m the second 
survey which was at a hotter period than the other two (see Table I) 

Bellary — ^No comparison for rat densities is possible because municipal trap- 
ping m the area surveyed did not precede the first survey , it did precede the 
second and lowered the figure for rats 

Saidapet — The density was least m the third survey which, as seen from 
Table I, was at the hottest period so far as these surveys are concerned 

Pkegwancy and replenishment rates 

The available figures are given m Table III Unfortunately data were not 
kept for some of the surveys so that the comparison between cold and hot weather 
IS only possible for Bellary Here there is a slight increase m the size of the litter 
In the cold weather 
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Table III 

^^umhe) of foetuses %n pregnant females 

COIMB iTQRE 


Period 



rt 

of 



a 

survey 

c3 

O 


'3 


C3 


•XS 


O 

*0 

Cj 

CJ 

c 

o 

•X3 




o 



M 

d 

April 

58 

GO 

' 

5 0 

July 

50 

08 

.0 


Bellaby 


Penod 

of 

survey 


ember 

Afay 


a 

ej 

i-t 

c 3 

jO 

'o 


a 

a 

N 

c 3 


O 

u 

ct 

•Xj 

C 

o 

'S 

S 

o 


Period 

of 

suri ey 


4 92 
4 37 


4 57 
4 25 


4 75 


4 55 


Afarch 


August 


Saidapet 


O 

'o 


d 

d 

N 

d 


a 

o 

'2 

s 

o 

15 ? 


4 97 


48 


5 77 

48 


4 31 
49 


Rattus rattus (Table IV and tbe Chart) 
places surveyed Thi epizootic of plague was prevalent at any of the 

it suc^rvi^r ca^:i^;w 

rats in the localities^surveyed ^ roughly the same proportion of 

high flL indicestortht co?d^leatt^ the places surveyed was the markedly 

were noticed both in h er (December) These cold weather high indices 

December 

Bellary (13 14) were theT Coimbatore (14 1) and cotton godowns at 

index for bazaar areas in s" T duimg the survey The general flea 

higher than for resid t i Coimbatore druing the same period was 

ber to December wb +l ^ mOex was very high during the months of Septem- 
temperate !:a ! wf! -'■.toaa f„. flea Ld,ng, such as a l.u 

(i-) The surll P“yntage hmn.*fy, were present 
diminution in the niirnh Bellary in the hot weather show a marted 

May This rednotift ° lowest indices were obtained in iipril and 

godowns than m baziaTr 'tl' g'^’^ater in residential areas, cotton mills and 

the begmnino of tb<. b + f decline in the incidence of human plague at 

in the numbe^r of Apsk, ° surely be related mainly to this reduction 

March when hot wcafb Saidapet which was done in the middle of 

er con itions had not yet established themselves, as is to he 
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n Cl CO 

CO O CO TP o 

CO T}< CO CO *0 


81 

6 34 

6 79 

«rt4 C5 

i-H CO 

CO o o 

CO 

CO o i-^ 

ua 

7 3 

5 G 

4 73 

u 

a 

3 ^ to 

o ^ = 

a ^ to 

o c3 p 

p ^ < 

o 

'a ^ 

9 j i 

-» E. 

o 0 

Ci p 

fi ^ <3 

13 14 

2 38 

C 12 

1 51 

seasons 

8 04 

2 10 

teusons 

1 93 

0 91 

■ different 
0 10 

3 08 

different s 
1 31 

1 32 

index for 
9 26 

2 52 

^ JO 

^ Cl <M 

8 ^ 

General flea 
November 

May 

X astia t 
November 

Jlay 

141 

33 

4 93 

02 

mi 

0 28 

7 7 

40 

7 85 

0 46 

0 46 

1 67 

00 CO CO 

o ^ »o 

1 3 

0 92 

1 85 

10 4 

40 

6 43 

07 

06 

1 46 

December 

April 

July 

December 

Apnl 

July 
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expected, did not sho'w the same degree of reduction either in the general flea index, 
01 in the flea mde'x foi its only species, X aslia, as Bellary and Coimbatore whicli 
weie surveyed in Apiil and eaily Jlay, but as was reported for lat density, tk 
weathei was hottest dming the third oi August survey in Saidapet 

(c) The maiked contiast between Saidapet and Coimbatore as regards climate 
in this month of August is leflected in the figuies for the flea index during that 
month ^Vheieas Coimbatoic aftei the onset of the south-west monsoon on the 
west coast gets considerably cooled, Saidapet has a continuous record of high 

Chart 



temperature In Saidapet (Madias) the hot weathei conditions persist for a period 
of nearly seven months from April The flea index foi this month (August) m 
Saidapet showed a further decline over the figures for March, while at Coimbatore 
there was a distinct tendency foi the average number of fleas pei rat to increase 
as a result of the influence of the south-west mon'^oon which considerably coo e 
the temperature The influence of the long hot weather in Saidapet and of the 
monsoon in Coimbatore on flea prevalence is perceptible in the figures obtaine 
separately for bazaars, residential areas and cotton mills The absence of species 
of Xenopsylla other than X asUa in Saidapet and the great preponderance of this 
species in other places in the east coast may possibly be due to a greater ability to 
survive long spells of hot weather 

A rise of temperature can affect flea prevalence in various ways 
1 High temperature and low humidity or both may shorten the life of fleas 
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2 With a rit,e of temperature tlierc is ii'^ually a concomitant reduction of fle<a 
activity (Hirst, 1924-27) and so a smallei mimhci will be found on each rat leading 
only to an apparent and not a real reduction It is possible that fleas tend to lead 
a resting life during the hot weather, feeding seldom or not at all 

InfLULNCB of season on association or R\TS UITE FLEAS (Table V) 

An attempt was made to estimate the number of rats from which no fleas were 
obtained during the different seasons of the year The difficult} of getting separate 
figures for individuals when more than one lat was caught m a trap necessitated 
apportioning the fleas gathered from a trap equal!} between the rats caught in 
that trap Despite this adveisc factoi, the figures foi rats without fleas (Table V) 
yield results of some importance The percentage of rats without fleas on them 

Table V 


Association of fleas with fats at dtffeient seasons {whole area) 


Period of 
survey 

Pebcemaqe or 

S rallus 

■WITHOUT rUEiS 

Pebcemaoe 01 

R ratiua 

WITHOUT X aelta 

Pebcentaoe or 

R ratins TnTHOUT 
X brazihenais 

Pekcestage op 

R raitus WITHOUT 
X cheopis 

Coimbatore 

Bellary 

■4^ 

o 

04 

d 

3 

CO 

Coimbatore 


Saidapct 

Coimbatore 

Bellary 

Saidapet 

S 

1 

o 

i 

Bella ly 

Saidapet 

November 


Nil 



12 3 

j 





34 


December 

141 

1 

07 

641 


07 

34 61 



141 



March 



191 


1 

191 







Apnl 

57 



60 98 



32 52 



21 14 



Mav 


5 53 



26 8 





1 

27 2 


July 

101 



43 72 



60 76 



2 02 



August 



2 63 



2 63 




1 

i 




showed a defimte rise during the hot weather This mfluence was particularly 
marked m the case of X cheopis, for which the figures run from only 1 4 per cent 
and 3 4 per cent m Coimbatore and Bellary respectively for the cold weather to 
21 1 per cent and 27 2 per cent m the hot weather It is important to remember 
that when we are discussing the effect of season on fleas in surveys such as this, 
we are really discussing variations in the total number found on rats which is 
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not upcessarily tlie same thing as the total number existing , for, as stated above, 
apait liom a diminution in inimbois, hot weathei may cause a diminution in tie 
activity of fleas As regaids the tiansmission of plague, it is this activity of fleas 
and the munbei of fleas found on lats with which we are directly concerned, so 
this great rise m the hot w eathei in the peicentage of lats found without any cheofu 
13 very suggestive of how' seasonal factors act in stopping plague 

X aslia (Table IV and Chait) 

This flea was piesent in all the tluee areas suiveyed The specific X asiia 
index follows the geneial flea index in its vaiiations 

In Baidapet, since X uslia is the only species piesent, its index is that of the 
geneial flea index whose movements have already been discussed 

In Coimbatoie, wheie all the thiec species of Xenopsylla are present on the 
rats, the astia index was voiy low' m the month of April AVith the increase of 
humidity and the fall of tempeiatuic occuiiing in August the aslia index showed 
a maiked rise In the mouth of Docembei, wdien cold w'eather conditions had 
set in and the tempeiatuie consideiabl} low'cied, the index for this flea showed a 
tendency to deciease This w'as inobably mainly due to othei species of Xenopylh 
finding the temperatiue conditions m December moie suitable foi development 
than X asha IVe suggest that the inciease in the othei species of Xc'iwspylh 
particularly X clieopis tended to crowd out X asha and lediice its index for this 
period The same feature was seen when the figuies foi the bazaars and nulls 
were examined The index foi the residential aiea at Comibatoie was fairly steady 
during the cold and eaih' hot weathei but the conspicuous south-west monsoon 
rise was evident — the thud survey 

Bellary was suiveyed in Novembei when the soiith-W'est monsoon had abated 
and the north-east monsoon was just commencing The asha indices were then 
considerably higher in the difleicnt aieas than the figiues obtamed during May 
This was conspicuous in the cotton godowns w'heie the number of X asha pei mt 
In November was four times higher 

X clieopis (Table IV and Chart) 

This IS the predominant flea in Bellaiy and Coimbatore Observations mdi 
cate that the average number of X clieopis per rat was the lowest m April and May 
The index for this species at Coimbatore gradually rose as the temperatiue fe 
during the south-west monsoon and the index reached its peak m December con 
comitant with the very low temperature prevailing during this period The indices 
of both X asha and X clieopis show a tendency to rise as we pass from the summer 
conditions prevailing in April and May to the monsoon conditions in August with 
X asha taking the lead The higher humidity with the lower temperatuie m 
August resulted in a marked increase of the asha population But the shll Toiiel 
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(empenilure piciaihng m Dcccmbo seemed ptuticuhihj favouiable to'X cheopis, for 
the iude\ for this flea lose considerably dmiii}! this peiiod and as suggested, m 
consequence, kept down the aslia popul ition found ou rats The marked dis- 
parity bctueen the indices in the cool and hot months of the yeai showed 
definitely that this species was more susceptible to changes of temperature than 
X astia ind also that a continued lou tempeiature i\as more favourable to 
cheopis 

It Ins been suggested tlint environmental factois influence greatly the flea 
index and relative prevalence of species In ba/aais for instance some may con- 
sider tliat the flea population is subject to fluctuations due to influx of merchandise 
But if this factor, which may vitiate the results to some extent, exists to any 
appreciable extent it is surprising that the figures obtained for bazaars 
bear out every one of the conclusions based on residential areas No marked 
discrepancies as between residential areas and bazaars were noticed at any of the 
places surveyed 

Another interesting feature noticed was the abnormally high proportion of 
X cheopis found m cotton mills at Coimbatore The percentage of X cheopis 
varied from 87 to 100 as compared with a variation from 47 to 69 for the whole 
town The cheopis index in the mills for the month of December was also very 
high (12 2) Cotton not only seems to afford optimum conditions for rat and flea 
breedmg, but the conditions under which it is kept m mills — ^very often with arti- 
ficial raismg of humidity— also seem to particularly favour X cheopis 

X brazihensis (Table IV and Chart) 

In this survey this flea was present only on rats from Coimbatore The chief 
habitat of this flea is the Mysore plateau and it is surprising that Bellary which 
lies on a lower plateau to the north of Mysore should be fiee It has, however, 
been recorded in Harpanahalh, a small town m Bellaiy district lying m close proxi- 
mity to the Mysore borders 

The vaiiations in the brazihensis index were not so well marked as for cheopis 
The specific index was not very high at any one period The general rise in total 
flea index durmg December was also noticed here The indices for the whole area 
iveie 1 6, 1 07, and 2 5 for the April, July and December surveys respectively 
Whereas both X astia and X cheopis show signs of higher indices during the mon- 
soon months of July and August with cheopis reaching the peak m the month of 
December at the expense of X astia, the X brazihensis index shows a definite 
decline in July and shows the first signs of increase only with the onset of the cold 
weather This suggests that this flea requires a still lower temperature than cheopis 
and that this is probably why m South India its distribution is mainly confined to 
the Mysore plateau 
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Kelative proportions of the tiirlb species or Xenopsylla durii.6 
DIFFERENT SEASONS (Table VI) 

The figures for the specific flea indices suggest that the influence of temper- 
ature and hitandity on the tluce species of Xenopsylla follo^vs nearly the same 
lines as for the geneial flea index This is true when ne consider the specific index 
of each species without refeience to the othei species oi Xenopsylla in the locality, 
but when the ielative proportions of the three sjiecies on rats during diflerent seasons 
are taken into consideration, it is noticed that climatic % ariations do not affect the 
prevalence of the thiee diffeient species of Xenopsylla to the same extent and 
degree The three species differ markedly in their capacity to adapt themselves to 
their environmental climatic conditions 

Table VI 


Relative proportions of the three species of Xenopsylla on rats at different 

seasons 



Coimuatorf 


December 

7 0 

69 0 

24 0 

12 4 

58 8 

28 7 

5 S 

63 7 

30 6 

April 

14 9 

46 8 

38 3 

215 

46 1 

32 4 

114 

37 8 

60 8 

May 

22 6 

60 

16 6 

1 

32 9 

48 4 

18 7 

213 

59 5 

10 2 





Bellaby 





November | 

1 

35 02 

64 98 


21 85 

78 15 


24 02 

1 

75 08 

1 

May 

1 

1 

49 4 

50 6 


42 8 

57 2 

i 

43 2 

66 8 



The figures for the proportion of X astia to total fleas during different seasons 
confirm the previous conclusion that this species commences to increase m numbers 
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when \\e pass from tlic Inglier terapciatun s ard lower hiimiditv prevailing in the 
summer months to the monhoon months witli tiuii loner temperatures and higher 
humidity The mcreise is more maihed in A itstia than for the other species of 
Xcnopsijlla 

On the onset of the cold weatliei ivitli its tonsideiably lowered temperature, 
X chcopii, finds its optimum conditions and increases considerably in numbers, so 
much so that iieaily three-fourths of the fleas fiom the lesidential area belong to 
this species This remailcable mciease of cheopis naturally affects the proportion 
of X aslia on rats which becomes very low m December This shows clearly that 
cheopis IS better adapted to thrive dming the cold months of the jear 

The rehtiie pioportion of X braziliensis was highest in the April survey at 
Coimbatore — the highest absolute number was in Deeember This, we suggest, 
IS probably due to the period of most active multiplication of this species being 
later than the other two, i e , that it does not begin to midtiply until the cold weather 
has well set in This later multiplication may be the reason why the early hot 
weather shows a relatively smaller diminution of this species in April than the others 
As seen from the specific index there is a leal absolute dimmution at this time 
Possibly this species, though prefering a colder climate than the other two, may 
also prefer a drier climate, and so will not respond to the south-west monsoon like 
the other two species If so, it will also be less damaged by the increasing dry heat 
of the early hot weather than the other two species 

The comparatively higher indices for X aslia, which is the only flea on Saidapet 
rats during the hot weather months from March to September, also serve to 
confirm the inference that X aslta is able to survii e a long spell of dry and hot 
weather 

The tentative conclusions that may be drawn from these rather scanty obser- 
vations are that — 

1 Flea life is at its lowest during tlie hottest months 

2 With the onset of the south-west monsoon, with cooler and more humid 
weather, asha and cheopis begm to multiply 

3 This multiplication for cheopis is at its highest in the cold weather after 
the north-east monsoon in November 

4 Oheopis shows by far the greatest seasonal changes — this is well brought 
out by the Chart Astia appears to be a hardier species less suseeptible to the 
influence of climate 

5 Braziliensis does not increase until cold weather conditions have been 
reached 


Sex proportions (Table VII) 

A higher proportion of males in X cheopis and X braziliensis and of 
females m X astia was seen in all the places surveyed 
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2 iliuiicipal trappiu" for several yeais at Coimbatore has not lesnltecl in any 
appreciable decline m tlie rat population 

3 The average number of young ones pci littei lemamecl fairly uniform for 
any one place at all seasons of the year 

4 Seasonal changes had vel^ little cftect on the pregnancy and replenish- 
ment lates A slight cold weather rise in the proportion of females and pregnant 
females was noticed at Bellar}'’ 


Fleas 

1 The most marked feature was the low flea indices — both general and 
specific — during the hot weathei months when the temperature was high and the 
humidity comparatively low 

2 X aslia appears to react first to the lowering of temperature and increase 
of humidity which occiu during the south-west monsoon months of July and 
August by increasing in numbers 

3 With the onset of the cold weather aftei the north-east monsoon, cheopts 
continues to increase and increases very greatly At this time biazthensis begins 
to increase 

4 Qheopis seems to be the species most affected by seasonal changes 

5 The proportion of rats without fleas was higher m all three places during 
the months of April and May than during the cold months The percentage of rats 
without fleas n Saidapet increased in August while at Coimbatore there was a 
tendency to regain cold w'eather proportions 

6 There was striking disproportion between the number of rats without 
chcopis in the cold and hot months of the year, an evidence of the extreme 
susceptibility of X cheopis 

7 There was no marked association of sex prevalence with season 
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A SURVEY OF THE FLOR I AND FAUNA OF THE 
WATER-SUPPLIES OF THE MADRAS 
PRESIDENCY 
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BY 

Lieot -Colonel H H KING, j m s , 

Direclo), The King Institute, Guindy 

[Received for publication, December 6, 1932 ] 

Introduction 

1 One of the commonest forms of watei -supply in this Presidency is a 
shallow aitificial lake Such water stored in the open for sis months and more 
produces immense quantities of algse This causes dif&culties m subsequent purifi- 
cation processes due both to the presence of living algse and to the addition of 
colloidal orgamc matter produced by their decay Accordingly it was considered 
advisable to learn as much as possible of the flora and fauna of the waters and, to 
this end, the Indian Research Fund Association were asked for a grant of Es 6,360 
to finance a survey This they very kmdly provided Mr S A Eafay, m sc , 
who IS a botanist and biochemist with previous experience of this kind of work, 
was engaged from April 1931 to July 1932 when the survey was completed 

2 Several supplies were selected not ]ust for then individual importance but 
also for their representative character, so that stored lowland surface, stored upland 
surface, stored river, direct iiver and well waters are represented Most were 
sampled at least twice so as to investigate both hot and cold weather conditions 
Since the Madias water-supply well exemplifies the difficulties of purifymg a stored 
surface and stored river water, it was thoroughly sampled both m the lake and in 
the filter beds — 11 sets of samples at different times 

( 1083 ) 
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^ Much useful infoun.ition of Hm uhtoi r 

numbeis, and of tlu-.i seasonal ciunL u if / "^7"" 

tll.it tlio st.itt of tlio Instituto Ji ,1 i. bcoi, fiirtlicr benefit has beea 

■Hid of methods, of cdt.vnt,™ of v.Lus Ipeue! "' ''"“"''‘’go of this subject 

the length of oTthe co™,rne?M>ecrs‘r'"r "r‘ otoerfam fiist 

of debus encli species pioduecd on itsde.t/ 'p theennoni 

of species judged not bj then rehtiie'ii ' 1 “olative importance 

relative amounts of o.e„mc , . tt . m ““ >>'“ by ‘i* 

fel as I know these are Li's 

by these tests the most inmm , r' ‘'>'e point Judged 

ScijlmemcE—t\xe iron bacteuum CladnlT'^^ ”'i ‘be blue gieen alga; 

6 Expel, meats l. T ■"“I bigber alga Clmra 

•umimum lethal dose of conno'r«°'' ” 1 ^ sulphate neie also done and the 

minatlon along with the woik^iustr ‘ “O”} epecies Tins deter- 

most abundant species and those n* useful, foi we found that the 

water-supply lequiied but sm n 1 '^"'® 1'““' *“ ““ttei in the Madras 

logly I w7s able w actme VLTwit r ® 

of their chief lake would probably be s^irnSni”" Tl'”* 

August 1932 ten tons of i i f The advice was accepted and m 

of the lake water and the reductrou' “'biori The subsequent clorjfication 
September the averatre reduction nf ° mattei have been striting In 

at a tune when usuallv flip oitjanic mattei vas 22 pei cent and this too 

required for the raw water fef fi'f ^ content is at its highest The chlorine dose 
of 0 6 parts in Septembei ^ million m August to a minnauin 


SECTION I 

There are t collection op total counts 

one IS the ‘ Plankton net ’ m coUectmg and countmg micro-orgamsms— 

In the ‘ Plankton net ’ m fh rT^ l ‘ Sedgwick-Pafter ’ method 

through the meshes of sdk is ^ ° smaller oigamsms by leakage 

are crushed on the net Th great and many of the dehcate organisms 
the plankton is also maccurnf ^ 7 cslrmatmg the volume and weight of 

60 per cent ^ ® results cannot be depended upon withm 

Accordmgly the other M ri 

of collecting the samples m a b method was followed which consists 

this sample (through a lavAi. f filtering a measured quantity of water from 

sand upon which the orgamsms are retamed), 
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sepnatiug fclie oig uiisms from fclie sand by washing with distilled water and decan- 
ting, enumerating the oiganisms found thoiein, ind then calculating from this the 
number of oigniisms in the sample of uatci examined Eoi filtration sand that 
will pass through a sie\ e having 00 meshes to an inch but which will be retained 
by a sieve having 100 meshes to an inch was used 

To ensure the taking of lepiesentatn e samples they were taken at various 
depths and places 

SECTION II 

CULIURE METHODS 

The majority of algoe occur in mixtures m which one form is intermmgled 
with another and the difficulty of sepaiatmg them is enhanced when there are 
present one oi moie sjiecies of blue gieen algae with their gelatinous mvest- 
ments No amount of shaking will separate them and they have to be placed 
in pure water ^^hen the most resistant outlasts others In addition to this 
difiereut media have to be used wliitli will promote the growth of specific 
organisms By allowing the medium to diy gradually gametes may be formed 
and these bodies may be trausfeiied to suitable media Foi planktons consisting 
only of umcellular and colonial foims a small quantity of the material is shaken up 
with a large buUc of water and a drop of this transferied to the culture medium , 
if this does not give a pure culture the same operation is repeated till a pure 
culture IS obtained 

Thus to isolate pme foims several methods have to be used and the operation 
takes five weeks oi more 

A list of the media successfully used is given in Appendix I 

SECTION III 
Bed Hills Lake 

Cold weatJiei — Samples collected on 26th November, 1931, and 6th January, 

1932 

On the sides of the filter basins Scytonema* w'as the predommant type 
forming a layer about three-quarters of an mch thick It constituted about 90 
per cent of the flora attached to the sides, the rest being NztzscJna, Navicula and 
Stauiastrmn Filaments of Oscillaria* were also present On the border of the 
lake attached to the stone of the revetment (under water-level) were Scytonema 
and Oscillaria with Nttzschia and Navicula m small patches Colomes of Nostoc 
were also present m separate groups 


* Organisms known to give trouUe m water supplies by producing odours are asterisked here 
and elsewhere 
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The mimbei of oigaiubms pei t c of watei axe given in Table I In these and 
othei tables genoia aie «inangec{ lu the following order of groups (A) blue 
green alg^e, (B) the thloiopli 3 ,ccie or green algor, (6’) diatoms, (B) fungi, and 
(F) animal groups 


Tajill I 


Goncra 

! 

J3tU 19J1 

Gtii jAMiAiir, 1932 

1 

Laki 

u imt 

Jintrunco to 
conduit 

Laki. 

W ITtK 

Entrance to 
conduit 

{ 

1 !• roin 

1 surfatt 

1 

j At IF 
* depth 

1 

From 

surface 

At 12' 
depth 

A Lyngbya 

1 

1 


27 

44 


A Nosloc 

1 

o 

1 

3 

2 

4 


^4 Phormidtum 

i 2 

1 2 


31 

60 

31 

B Ghlorella 

1 " 

( 

1 

2 

3 



B Slmiradrum 

1 

t 


12 

11 

6 

B Telraspora 

‘ 

1 


8 

4 

6 

B Ulothrix 

' 0 

1 

1 ‘ 


63 

58 

14 

C A mphora 

j 110 

j 100 

1 I 

37 j 

121 

us 

32 

G Fragilaria 

10 

1 s 

1 


30 

29 


G Melosira* 

J5 

37 

40 

21 

30 

27 

G Nilzschm 

46 

42 

68 

106 

77 

101 

G Synedra* 

1 52 

03 

17 

3S 

61 

13 

D Gladothrix* 

20 

IS 

6 

43 

10 

14 

D Grenothnx* 




ol 

38 

22 

E 'Paramacium j 

3S 

27 ' 

30 

24 

io 

32 


As usual the filamentous forms were confined to certain areas They were 
found in floating clusters But short filaments were also found that had been 
separated from the main clusters Such forms probably result from the breahmg 
up of individual filaments As these broken filaments are capable of independent 
life they were counted as distinct individuals 

Hot weather — 3id April, 1932 to 8th May, 1932 

C/mia- and Nms appeared in the shallow portions of the lake On their stems 
an lanc es Anabctna*^ Bivida^ta and Fosioc weie commonly found Attached 
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to the stones of the revetment were Stytonano and Cladoihix with numerous 
Paramacia 

On the sides of the filter basins ScytoncnM constituted thiee-fourths of the 
sluny carpet Nitzschia, Navicula and Oscillana bemg associated with it 
Counts per c c were as below — 


Table II 




3ud Airu., 

1932 

Sth May, 1932 

Genera 

Lake watek 

Entrance to 

1 conduit 

Lake wateb 

1 

Entrance to 
conduit 


From 

surface 

At 12' 
depth 

From 

surface 

At 12' 
depth 

A. Microcystis* 

110 

123 

90 

110 

196 

96 

B Anlistrodesmus 




200 

209 

112 

B Gadastrum* 

5 

7 

1 

10 

12 


B Euylena 

2 

' 2 

3 

6 

4 

4 

0 Aslenonella* 

102 

32 

122 

58 

16 

87 

G Frayilana 




113 

161 

76 

G Navicula 

234 

289 

145 

416 

337 

228 

G Nitzschia 

439 

307 

219 

789 

525 

642 

G Synedra 

236 

286 

201 

139 

163 

116 

D Gladothrix 

67 

62 

84 

57 

62 

84 

D Crenothrix 

40 

22 

62 

173 

226 

230 

E Parammcium 

26 

27 

30 

40 

42 

1 

53 


Compared with the findmgs m Table I, the increase of several orgamsms, 
especially of Nitzschia and Crenothrix, and the appearance m large numbers of 
Microcystis, AnJcistrodesmus and Navicula are noteworthy 
South-west monsoon — 19th July, 1931 

Ohara*, in the Eed Hills Lake, increased till it appeared to constitute 
about half of the entire flora of the lake Nitella and Nais were associated 
with Ohara on the southern side of the small island facmg the wmd On the 
northern side of the same island where the water was comparatively calm, 
N avicula, Anabcena and Synedra were attached to Ohara The lake also showed 
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a iicli giowtli of fclie common giasaea wlucli on tlieii decay harboured Diatoms, 
Anabana, iCidarKt (an angiosperm) Cienol/nix and ChidotJirix (fungi) In the 
lake watei vaaculai bundlet> of augiospeims with a large mimbei of Paramma 
wcie obseivcd 

The sidea of the hitei hasnib Inul g^o^\ths of Scytonemu asbociated wth 
which weie Mouyeolia, Amphora, Synedra, Naiiudu, Ablenondla, Tnbonema* 
and Cladoth) ix 

Tabll III 


CoLctOTion Oh lOra Jvly, 1031 


Genera 

Laici. 

WATEB 

Entrance to 


From 

surface 

At 12' 
depth 

conduit 

B Chlorella 

305 

105 

215 

B Ulothrix 

400 

212 1 

338 

G Amphora 

415 

380 

324 

C Asterionella 

' 52 

i 

18 

23 

1 

0 Navicula 

1 

1 290 

286 

272 

G Nitzschia 

900 

616 

692 

0 Pinnularia 

115 

12S 

94 

G Spnedra 

360 

442 

360 

D Grenothnx and 
Cladothrix 

4 


3 


These results refer to 1931 whereas those lecorded for the previous season lefei 
to 1932 If we may take the results as truly lepresentmg a seasonal change the 
mam difierences observed are — 

1 The disappearance of Mxciocystts, Ankistrodestnus and the very gieat 
diminution m Cienothnx and Cladoth tx 
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2 The increase in Niizschia, Synedta, Vlothnx and Pinnulaiia and the growth 
of Cliara on the sides m the sliallow poitioii of the lake — as it is a fixed species it is 
not included in the tables which refei to species found in watei -samples 

North-east monsoon — 16th Octobei, 193] 

Cliara, in the Red Hills Lake, deci eased as also the oigaiiisms associated 
with it 

Scylonema Mas reduced to one-half of the tioia in the caipet attached to the 
sides of the filter basms, the lest consisting of Phounidtum, Cladolhtx, Beggiatoa*, 
Rivulana, Navicula and Spiiogyia * 

Table IV 


Count 'per c c of itater collected on 16t/j Octobei, 1931 


1 

Lake wctek 

Entrance to 

Genera 

1 

1 

1 

j r rom 
[ surf ite 

1 

At 12' 
depth 

i 

conduit 

i 

B Ohlorella 

415 

1 

208 

386 

1 

B Ulothnx I 

440 

112 

316 

G Amphora 

366 

217 

291 

0 Astenonella 

1 

28 

1 

16 

G Navicula 

210 

193 

198 

G Nilzschia 

1 700 

414 

692 

G Pmnularia 

86 

62 

70 

G Synedra 

240 

326 

230 

G Tabellaria 

126 

86 

110 

1 

D Gladothnz 

10 

i 

22 

26 

D Grenoihrix 

24 

37 

32 


Compared with Table III there does not seem to be any marked change 
Tabellaria is a new genus 


Summary of seasonal changes 

Scytonema was found throughout the year associated with Osctllana, Nttzscha 
and Navicula in the cold and hot weather and with Mougeotia and Tnbonema during 
the south-west monsoon and with Spii ogyra and Phormidium durmg the north-east 
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moiiijooii Ohaxt appealed m the middle of the hot weather, increased considerably 
during the soiith-weat monsoon and ilisappcaied by November The cold weather 
gave the greatest variety of organisms but the least in total number Navicuk, 
Nitzscha and 8>/7ie(b(i mtreased greath in the hot weather, and A)npkora and 
Si/nedia duiiug the soiitli-wcst monsoon .ind Spirogyra and Phonnidium appeared 
dining the north-east monsoon 

KilpaiiL filteis — 19tli January, 1932, and 20th February, 1932 
Gold weather — On the sin face of the experimental percolating pre-filters PI 2 
and PFi theie w'as a slmiy caipet of Cladothnz, C)enothn%, Dialcans Scyl&nema 
Algm, etc , were not found in the effluent of the submerged sand filter 

T^vble V 


Counts pel c c of water collected on 19/7i Janiuoy, 1932, and 20lh February, 1932 


Genera 

19x11 Janvuiy, 1932 

20th Febbhabt. 1932 

Raw 

water 

PF, 

PF, 

Raw 

water 

j 

PF, 

Sprayed 

water 

Ediueut 

Sprayed 

water 

Effluent 

Sprayed 

water 

Effluent. 

A, Anabesna . 






47 

42 

7 

A Glathrocyalis* 

21 

10 







4 Phormidmm 

120 

136 

126 

134 

12 




0 Fraqtlaria 

4 

3 

1 

4 

1 


1 


G Navimhi 

110 

89 

26 1 

1 

52 

27 

471 

480 

218 

G Nilrschia 

291 

200 

184 

187 

92 

518 

i 

484 

00 

0 

G. Pinnulana 

23 

8 

j 



16 

14 

5 

G Synedi a 

IT 

1 

16 i 

6 

16 

3 

71 

60 

8 

E ParamcEcium 

42 

39 

12 

40 

6 

28 

19 

6 

E Vorliceila 

24 

20 

4 

18 

i 


16 

! 6 

2 
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Hot weather — 30th April, 1932, and 27th May, 1932 

Samples of water reaching the pie-hlteis at Kilpaiik showed a large quantity 
of flocculent mattei of fungoid oiigm In the deca}ing jlocs were entangled 
Amphora, Naviculu, Pleioococcu^, No^loc, Vlothnx, Paiamacia and Rotifers 
Anuuiar vessels of angiospcrms and filaments of Beggialoa were also m evidence 

T^ujle VI 


Counts of OHjanisms pei c c of uatci 


Geaera. 

27iu 1U\. 1032 1 

30th Apkil, 1932 

IlUH 

water 

1 

PF, 

Raa 

uater 


Sprayed 

aatcr 

Ef&ueat 1 

Sprayed 

water 

EfSuent 

2i Anaboena 

128 

1 

1 

121 

109 




A Microcystis 

75 

66 

96 

16 

9 

2 

A Oscillana 

141 

120 

167 

48 

61 

64 

A Phormidium \ 

240 

254 

87 

122 1 

160 

72 

B Mougeoiia 

57 

46 

i 




U Dtatoma 

101 

97 

29 

78 

66 

17 

0 Naiicula 

371 

400 

i 100 

112 

202 

178 

0 Nilzschia 

442 

460 

356 

606 

691 

160 

-D Cladothnx 

25 

18 


8 

6 


D Orenolhnx 

60 

56 


61 

60 

2 


Compared to Table I the increase in Nilzschia, Navtcula, Anabana and Phoimi- 
diwtn, and the appearance of Movgeotm is noteworthy 
South-west monsoon — 16th August, 1931 

The surface of the peicolating pie-Slter (No PF 4 ) Lad a slimy growth of 
Cladothnx, Crenothnx and Scylonema The same growth was noticed on the 
surface of pre-filter (PFs) also but only in small patches On the drams the growth 
of Mougeoiia and Ghcetophora was observed 



1092 A Sini'ey of the Floni and Fauna of the ^Y ate) -&U'pfl%es 


Tajill VII 


Counts oj tulkclwn on loth Aiujust, 19131 


1 

Gcncuv 

llaw nutei 

IT i: c c ot w vTi-i: 

l*l'\ 


Inllucnt 

1 

1 Ulucnt 

iniluent 

EfBuent 

A Glalhrocyslis 

15 

IS 

1 

24 

12 

9 

.1 Nos toe 

<*> 

1 

1 



•1 Phorinuhuiii 

iG 

J7 

0 

48 

36 

G Diatoim 

1J9 

110 

85 

160 

7S 

E Paiamaciuiii 

1> 

11 

1 

10 

4 


Compaied to Table VI, note the clibappeaiance of NitzscJna, Navicula, Diatoma 
and Oscillcuia and the decrease in numbei in geneial 

North-east monsoon — Counts of collection on 28th October, 1931 


Table VIII 


Genera 

Raw water 


Pjib c c 

01 WATEE 


PF, 

PF, 

Sprayed 
w ater * 

Efilutnt 

Sprayed 
w ater 

Effluent 

.4 Phormidium 

17 

1 

1/ 


30 

5 

G Melosira 

4 

5 




G Navicula 

36 

31 

60 

40 

30 

G Nitzschia 

64 

48 

50 

68 

44 

G Synedra 

60 

55 

28 

44 

28 


* Note the appearance of Synedra, NttzscJna and Navicula compared to Table VII 


Kilpauk water showed a variety of organisms Idee Red Hdls Lake water in 
cold weather , numerically, however, they were quite low Amphora, Navicula 
and Nitzschia increased considerably in hot weather There was a luxuriant 
growth of CladotliHx during the south-west monsoon when Chceiophoia appeared 
Synedra and N avicula decreased numerically during the north-east monsoon 
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CocAJsr VD \ 

Hot ucatlicr — OHi June, 1931 

The impounding reservoir showed liiMimnt vegetation similar to Red Hills 
Lake — C/’ara constituting over one-half of the flora Nitella and grasses were also 
present 

Among the lower algal forms Phormidmni, Lynghya, Synedia, Anahcena and 
Nostoc were the predominant types 

Cold weather - 28th Januaiy'', 1932 

The watei of Godavaii canal was tuibid, mostly due to dead fungi which had 
disintegrated bevoiid recognition 

On the bank of the canal the stones and decaying glasses were covered with 
10 species of algae, Spirogyra and Mougeolia being predominant 

The reservoir was eovered with luxiuiant grouth of h 3 ’^drophjdic monocoty- 
ledons and grasses Among the lower forms Amphom, Anabcena and Synedra 
were present whicn gradually decreased m number as the water reached the outlet 

On the border of the reservoir the decaying grasses harboured Spirogyra, 
Crenothrix, Mongeotia, Phoiinidmm, Oscillana, Nifzschia and Anabcena in order of 
predominance 

Masulipatam 

Cold weallie) — 25th January, 1932 

Near Anderson Budge the watei of the Kistna canal branch was muddy, the 
inorgamc particles settling readily The turbidity left after settlement was due 
to finer inorganic particles in suspension and decaying grasses 

Diatoms were few (less than 20 per c c of water) for they do not normally 
flourish in turbid waters 

Stones on the revetments of storage tanks had growth of Oscillana in which 
Nitzschia were entangled Chcetophora was found in tiny patches 


Table IX 


Genera 

ObGAKIS’HS in STOE iGE TANKS 
PER C 0 

Surface 

water 

Water at 
y depth 

A Anabcena 

62 

76 

A Nostoc 

172 

204 

0 Navicula 

152 

X78 

1 

0 Nitzsihia 

-176 

612 

G Synedra 


8 
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TKicnixoroL’k 

Hot weather — 29th JLiy, 1931 

Theie was a small flow m the river Cniivoi^ — no evidence of any ChIoro'phyce(E 
being picbeut A few Diatoms were picocnt 

The elevated lesei von on the Rock Fort — w hcie the Infiltration Gallery Supply 
IS stored, chloimuted and supplied to the town — has 2 chambers A sample of the 
sediment fiom the bottom of one of the chambers, sliowod Amphora Navicuh 
and St/nedia 

IvODAIIC VL 

Hot weather — 27th IMay, 1931 

There was no appreciable vegetation m the reseivoii such as we find in the 
Eed Hills Lake A sample of W'atei examined after settlement showed -dwip/iora 
and Navicida as the piedominant types Dead Chloiophycew and the conunou 
Diatoms weie obseivod in the slimy deposits m the shallow regions of the 
leservoir 

Cold weathei — 21st November, 1931 

A sample of water showed 3 TabeUaiia and 1 Fragilana per litre of water— a 
very low figure 

Stones collected fiom the shallow' portions of the reseivoir showed a variety 
of Diatoms 

Diatoma, Tahellana . Abundant 

Nztzschia, Pkornndimi, Naviciila, Cymbellu, Pinnulana, Amphoia, Svriielh, 
OocGonema 


King Institute well, Guindy —(Closed well in daily use ) 

Gold weathei — 16th Decembei, 1931 and 15th January, 1932 
Dead tissues of angiospeims in small quantities weie observed m a 
examinations 

Algie were entirely absent 

Hot weather — 18th April, 9th May and 2nd June, 1932 
Navicula, Amphoia and Lyngbya were recorded at the rates of 16. 9 ^ 

respectively per c c of water A few flagellates weie also observed 
North-east monsoon — 25tb Octobei, 1931 

Phormidium was the only alga present Numeiically it was very low, beiHo 
25 filaments per litre of watei Flagellates and a few rotifers were also present 

KjaiSHNABEDDY WELL, GuiNBY — (Open Well in daily use ) 

Gold weathei —19th December, 1931, January 1932 and I8tb Fehioary, W32 
Spirogyra was found to vegetate on the sides of the well A few filaments o 
Osoillana (1 m 30) were interwoven with those of Spirogyra Spirogyra died ear y 
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la January when a green felt of Oscillm la Amjiliora and Nematodes appeared The 
well water contained Clihrelh and Amplioia .it the late of 2 and 3 pei c c of water 
Hot weather — 18tL April, 10th May and 1st June, 1932 
Water in the well assumed a greenish tinge due to Euglena and Dictyosplice- 
rium, the latter showing a count of 660 per c c of water 

Adayar river at Guindy 

Inorganic paiticles and decayed and decaying grasses were always present 
Cold xoeathct — 17th December, 1931, 15th January, 1932 and February 1932 

Table X 


Average counts of organisms per ce of uatei 


Genera 

1 

i 

Raw water 

Filtered 

water 

1 

B Euglena 

! 2 ! 

1 

0 Amphora 

i ^ 

t 

0 Melosna 



0 Navicula 

' 12 

2 

C Synedra 

1 7 

1 


Hot weather — 30th April, 31st May and 4th June^ 1932 


Table XI 


Average counts of organisms pei cc of water 


Genera 

Raw water 

Filtered 

water 

A Oscillana 

30 


B Dictyosphcenum 

44 

2 

B Pedtastrum 

6 


G Amphora i 

4 


G Nanioula 

43 


G Nitztchia 

11 

2 

D Orenoihnx 

8 

1 

1 


SECTION IV 

Lenoth op life op different species 
At Lieut -Colonel Kmg’s suggestion, experiments were undertaken to find out 
the longevity of life of the commoner species found in the Red Hdls Lake and 
attempts were made to estimate the amount of debris they add to water on their 

death, 
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Piue culfcuics wcic giown ni the Inboratoiy under laboratory conditions each 
in 500 c c of Matoi As a check tl*e life of the organisms in nature was also 
noted 

At the stait {No\cinbei oigunisins weie grown roughly in the propor- 

tion they were found in the Red Hills Lake At the end of three months the 
debus WMs removed b} centiifuging and the \olumo noted 

Chara lived foi over three months and left 5 c c of debris In the lake it was 
observed to live for five months 

Scytonema grew at a zapul late foiming thick dusters in a fortnight Then 
the decay of outci filaments and the giowth of inner filaments went on simulta- 
neously It left 10 c c of debus The oiganisin was found giowing in the Red 
Hills Lake thioughout the yeai though its life under laborator} conditions was 
two months 

Chatophoia — It lived foi six weeks 1 2 c c of debris were pioduced In 
natuie also it appealed to live foi about the same time 

Cladothnx — It lived foi foui months The debris pioduced was6 3cc 
Growdli and deca^v go on at a lapid late In the lake also it lived for four months 
Cienolhnx — It left 1 0 c c of debus It lived a little ovei three months In 
the lake it was found to flourish foi the same period 

Mougeotia — It lived foi a month and pioduced 0 4 c c of debris In nature 
it lived for the same period 

S'piiogyja and Zygnewa — These died within a week after filament formation 
leaving 0 5 c c of debus In nature the filaments also appeared to live foi only 
a fortmght 

Ulothix and GMoiella — These lived foi a couple of months leaving 0 7 c c of 
debris In nature tliey were found foi twm months 

Anabcena, Nostoc and Lynghya — These died in three months leaving 1 Oc c of 
debris In the lake they lived for foui months 

MicrocysUs — It lived for over three months and left 0 5 c c of debris Iii 
nature it flourished for two months 

Synedra — It lived over three months and left only 0 2 c c of the debris In 
nature it was found for over foui months 

Gcelastium — It lived foz two months and left 0 3 c c of the debus In tlm 
lake it was observed for three months 

Navtcula, Pinnulmza and Fiagilana — These lived much longer than thiee 
months and left 0 8 c c of debris In the lake they were found for six months 
AmpTiota, Nitzschta and Tabellaita ■ — These Diatoms lived thonghoiit dte 
expenment (7 months) and left 1 0 c c of debris They were always found m 
nature and are known to retain their vitality foi years 

The importance of Scytonema, Cladothnx, and Ghaia m the production of 
orgamc debris in the lake is manifest. 
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SECTION V 


COPPEK SULPHATE TKEArMLNT 


(1) Method — ^To estunatc the quautitj of copper sulphate lequued to kill the 
various organisms 260 c c of a sample was poiiicd mto each of 20 conical flasks and 
treated with a freshly prepared 0 01 pei cent solution of copper sulphate The 
first 16 flasks received amounts incrcasin" b\ 0 25 c c for each flask — thus in 
these the copper sulphate strength mci eased from 0 1 paid per million to 1 6 paits 
by successive steps of 0 1 pait The next three flasks received amounts to make 
the strcngtlis 1 S, 2 0 and 2 5 iiarts pm million The last or 20th flask was kept 
free from copper sulphate as a contiol 

Aftei 21 hours each jar w'as examined and the condition of the organisms 
recorded 

(2) A Red Hills Lake water in the south-uest monsoon — 19th July, 1931 

No 1 Navicula was dead AH other organisms were normal 

No 2 Navicula and Astenonella dead Other oigamsms normal 

No 3 Navicula, Astenonella Sind Ulothnx dead Other organisms normal 

No 4 Navicula, Astenonella, Ulothnx, Crenollinx and Cladotlinx dead 

Nos 5 to 14 Same as No 4 

No Ifi Nitzschia dead, in addition to those in No 4 

No 16 Synedra dead, in addition to those in No 15 

Nos 17 and 18 Same as No 16 

No 20 Navicula, Astenonella, Ulothnx, Cienothix, Cladothnx, Nitzschia 
and Synedra all living 

These flasks were left over for another 48 hours and examined again There 
was no further change 

Therefore, in parts per million, the doses required to kill the organisms were 
Navicula 0 1, Ulothnx 0 3, Astenonella 0 2, Crenolhnx 0 4, Cladothnx 0 4, Nitzschia 

1 5, Synedra 1 6 

Beggiaioa did not die even when the copper sulphate was added at the rate of 

2 5 parte per million 

Higher doses at the following rates were applied — 


1 

2 

3 

4 

5 

6 


10 0 
12 5 
15 0 
17 6 
20 0 


of 0 1 per cent solution making 3 parts per 


a 




>9 » 


>> 


9> 




>9 


4 

5 

6 

7 

8 


99 

99 

99 

99 

99 


million 


99 

99 

99 

99 


The orgamsm was killed m flask Nos 5 and 6 By treatmg it with doses 6 1, 
6 2, 6 3 6 9, it was found that it was killed hy 6 2 parts per million of copper 

sulphate 


J, MB 


12 



^3, o';': 

C'^e/io//^, /X 0 i, CUuhth) IX 0 1 ^ -’ 0 3, f/^/ce/^a 0 3, 

moiii^oon —loth July 193] 

C/dou’Ila 0 3, U/oZ/oix 0 3 / / ;/ ^ 

15^ • ' « -’■ 0 ], AW.sc;„a 1 6. 

C/^/o; e?/rt 0 3, 17/o///> ; . n 3 / . 

1 5, 1 5, TnbeUana 'os'" Cl iS^aimih 01, Mzs- 

lona Ob, Cladolhnx 0 4, Crenolhix 0 4 


Odd weatha -10th January, 

Hot ^veaihe^ -mhuly^^ Haiicula 01, Nitzscha 13, Synedm 15 
■dnabcena 2 2, Oscillarin n "i/ 

Naz,c,m IS, Cladoibu 0 i° clef^TITi “ “ 3, Navicula 01, 
» oi,tt-TCs( monsoon -15th August, mi 
Clathocyslrs 0 3, Nosloo 0 ■) P; , 

Pho)nudium 0 3, Melosua n 7 Ar ’ i 

“ 0 7, Nomcda 0 1, mizscha 1 6, Synedm 1 5 

appendix I 

Ti/r_ , ^ otes On JJedta 

Most organisms grow well i 

used only to hasten their (rmwi-h watei and nutrient solutions need be 

should be used in makincr th f n otherwise mentioned distilled weter 

tive to copper, only glass distiH i ° ^"^og solutions and since alg® are very sensi- 
1 Stock solution water should be used — 

Calcium nitrate 

Potassium mtrate » 

Sodium chloride ” 

hyJrogen phosphate ,I ” 

Magnesium sulphate ” 

A A 1 , distilled water ” 

f D 1 ution (1 in 5 Qj 2 litres 

or Rivulana and CladotJinx growth of most of the algae and particularly 

2 Poxassi™ hvbuoo® eHosPHartt 

»^P«oeutsoWnuttap";L 
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This cm be ubotl for growing Gyanopluiaa , eg , Anabwna, Oijhndrospeunum, 
Nobloc oO per cent dilution is used foi Dwlonib like Tabellana, Synedm and 
Fragilai la 


3 iMooresohe solution 

Amuiouiuni nitiate 
Magnesium sulphate 
Pot liydiogeii phosphate 
Calcium chloride 
Ferioiis sulphate 

The solution promotes the growth 
Lijngbya and Scylonema 
■1 Ghodat’s medium 


0 05 per cent 
0 02 
0 02 
0 01 
traces 

filamentous foims, eg, Phoimtdium, 


Calcium nitrate 

0 1 per cent 

Pot hydrogen phosphate 

0 03 

Magnesium sulphate 

0 03 

Potassium chloiide 

0 01 

Ferrous sulphate 

traces 

pH to be adjusted to 5 3 

Useful for the growth of unicellular forms like Chlorococcum 

5 Benecke’s jiedium 

Calcium nitrate 

0 05 per cent 

Magnesium sulphate 

0 01 

Pot hydrogen phosphate 

0 02 

Ferric chloride 

traces 

For unicellular forms like Chlorococcum and colonial forms hke Coelospimnum 

6 Bristol’s solution 

Calcium mtrate 

0 15 per cent 

Magnesium sulphate 

0 05 

Pot hydrogen phosphate 

0 02 

Calcium chloride 

0 01 

Ferrous sulphate 

traces 

For Ulothrix 

7 Knot’s solution 

Potassium nitrate 

1 g 

Potassium phosphate 

1 » 

Magnesium sulphate 

1 „ 

Calciilm mtrate 

4 „ 

Ferric chloride 

traces 
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Afliluto solution (1 m 20) is used for the growth of Ilormidwm, Debarya, 
Nodulaiia, Glaoliicha and Pandorimi 

APPENDIX II 

SySFUM VTIC POSITION Ot 'IHL OLM-UA STUDIED 

Order holontcv 

Volvocahi. Sub'Ordci 

Genera Chlamydomonas, Eudonna, Yoliox, Tetraspora 
Chlo) ococcales Sub-oidcr 

Chlorococcum, Chlorella, Piduntrim, Anhislrodesnnis, Diclyospkwnum, 
Scenedesmits, CaldUrum 
Ulotncliales Sub-order 
Ulothnx, Hotmidium 
ChcElophorales Sub-order 
Choitophora, Pleurococcus 
ConjiigatcB Sub-oider 

Debaiya, Zygnema, Spirogyra, Mougeolia, Desmidwm, Staurasirum 
Order HetoolontcB 

Helei ot) icliales Sub-order 
Tnbo)idi)ia 
Order Bacillanales 

Centncece Sub-order 
Melosira 

PennatCB Sub-order 

Tahellaiia, Diatoma, Fiagilaiia, Syned)a, Asteiionella, Nawcuh, 
Plemosigma, Cymbella, Ampho)a, Nitzsclna, Swiiella 
Order Euglemnew 
Euglena 

Order Myxopliycece 

CcelospJicBrium, Microcystis {CJathiocystis) Glceocapsa, Choococcui, 
Oscillatona, Phoimidium, Lyngbya, Nostoc, Anabesna, Cylmdros 
pel mum, Scytonema, Calothrix, Rivulaiia, Glceotiicliia 
Order ChaicB. 

Chara, Nms 
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Introduction 

The novelty of the question, the unexpected phenomena with which Protobios 
bacteriophagus manifests itself have made many an investigator doubt its living 
nature Even the unconquerable logic of d’Herelle’s argumentation does not dispel 
aU doubt During ten years of constant work on bacteriophage I have myself 


* These papers ate written by the semor author (I N A ) The plural ‘ we ’ refers to the 
studies done by some members of the staff together The smgular ‘ I ’ is used where the senior 
author is personally responsible for an opmion expressed, observation made, or experiment performed 

( 1101 ) 
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only too often doubted its livin'' nature nnri 

pxove the abo"r‘t , "1111"° 1“ ‘'“"S t-'penmerfs to 

definite oi new methods m n f" essentially practical, to mtroduce more 

The dl Hto f .4>plication of bacteriophage 

bacteriophag^nilde It clear 

that on the one I I ^ ^'^^rnfactoi) It became evident 

nx exL the m ‘m 

we nu St t i e 1 7 " " - the other han , 

and rcoidimd. Hltra-micioscopical nature, its filtrabihty 

technique adequate modifications in the usual bacteriological 

recomlLd ‘-'^‘-‘a'entary piinciples have not generally been 

ina>°be cited vl ii'^ ^^^‘toiies woiking on bacteriophage Some instances 

The 1 st o ' technique are evident 

indicates that tins' filti^tr' 7"^^ ^tool emulsion merely 

mixture of mnn 7 , bacteriophage, oi, vhat is more probable, a 

sam meanm' 7 The I3 sis of bacteiia lias vv ith bacteriophage the 

weTnl as 77 H f bacteiia-it indicates its presence But 

It would be as m ' f ^ bacteiiophage piesent and, in my point of view, 

stui a broth - ‘ bactemophage > as to 

the subseouent ° ° sputimi, for example, as a biological entity By mahuis 
the m^X of bacteria we may eliminate 

passage of sputu 7 tl' 7 ^ 7 °^^ Piesent in tlie oiigmal filtrate It is like making a 
rio-ht to treat the 1 I obtain a cultiiie of pneumococci "We have no 

contain difteient tvpTs ofthem'^rr pneumococci- it mav 

such as stieptococm In thnt contaminated with other micro-organisms, 

phawe we havp nn 4. we recognize the living natrue of bacterio- 

to study it as an entity ^ filtrate as a pure culture of bacteriophage and 

growing on the sam present diiieient races of bacteriophage 

study ot ZcZlZ •'“'“Oy (Ashes), „v, 1924 ) In tte 

bacteria Also (AshfshOT mmT P""'®''”'® e'>ih'res as we do m the stady of 
against the same micrn- ’ ' difterent types of bacteriophages active 

also other different ’"bmh, bemg antigenically different, possesses 

cannot study the charart ° opposite character It is evident that we 

properties of the mixtnrr m such a mixture of types, but only the 

sions mrsleadino- Wor + ° ®^wise oru results will be inaccurate and our conclu- 
types of choleilphage 7l7r’ 7 ^ choleraphage in the presence of other 

tends to dimimsh On th ^ during the first 18 hours, after which its number 
to do so longer for qnv ^ Type B grows more slowly, but continues 

> ours, while Type C grows slower and longer stiU 
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Therefore, if wc disiegird the presento of different types and study our 
mixture as ‘ a bacteriophage we will conclude that this ‘ bacteriophage if 
filtered early, lyses bacteria quickly, but allows the deyelopment of secondary 
growth, while if filtered later it lyses bacteiu moie slowly, but the lysis is 
more peimanent In this way we asciibe to bacteiiophage a definite property 
which actually it does not possess AVhat actually happens is that only the 
relatiye number of different types of bacteiiophage changes, changmg the 
chaiactei of the mixture but not of bacteiiophages theniselyes Dozens of 
such examples could be cited 

The dealings pioduced by bacteiiophage in the bacterial laaei are its colonies 
and, as in case of bacteiial colonies, difierent bacteriophages show different mor- 
phology of these clearings'*' This morphology must be studied in the same way 
as we study the morphology of bacterial colonies Applying the usual method of 
isolation we can obtain difierent races of bacteriophage in pure culture These 
cultures for propei biological study must be maintained in a pure state and protected 
from contamination by the other laces of bacteriophage This has seldom been 
recognized IVe must make an allowance for the filter.iblef nature of bacteriophage 
During certain moments of the work, bacteriophage cultures are more easily 
contaminated than bacterial cultrues The majority of investigators pard atten- 
tion only to the ‘ sterility ’ of the bacteriophage cultures They did not care what 
happened to the cultiue before filtration the filter will ebmmate the possible 
bacterial contammation and attention was given only to the liquid on the other 
side of the filter But if we contaminate a culture of bacteriophage with another 
one, both will pass through the candle and our filtrate, from the point of view of 
ultra-purity, will still be a contaminated one, unsuitable for proper study For 
instance, the usual technique was to prepare a Kiselguhr-covered filter m a non- 
sterilized funnel, the suspension of Kiselguhr being made with tap-water Bacterio- 
phage cultures, being ‘ sterile ’, are usually handled in such a manner that 
the laboratory itself is heavily contammated with difierent bacteriophages 
To use such a method m working with bacteria would be considered the 
greatest offence against elementary rules, yet it is freely applied m work with 
bacteriophage Lack of exeicismg the necessary care durmg every stage of 
work with bacteriophage cultures has resulted in curious statements, such 


* Since my first publication m Engbsh mentioned, I have insisted on using the term ‘ clearmgs ’ 
in reference to the areas of bacteriophage action produced in bacterial layer It seems to me that the 
term ‘ plaques adopted by d’HereUe and Smith and accepted by the majority of authors, is not 
descriptive and e\ cn confers a wrong idea as to the structure of a oleanng ‘ plaque ’ means something 
elevated above the surface, rather than an ‘ eaten out ’ area Therefore, until a still better expression 
can bo found, I wiU continue to use the word ‘ clearings ’ 

•f Here I use this term in its ordmary meaning — capabihty to pass through the usual porcelain 
filters The use of graduated collodion membranes necessitates revision of this term 
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as obtaining buctcriopliage horn doubly distilled and autoclaved water In 
oui woilc we liave tiled to intioduce stiitt rules winch helped us to maintain 
oui cultuics in an iilti.i-pure state 

It lias vciy seldom been taken into consideiation, although well known, that 
bacteiiophage cultuios can contain quite dilTerent number of bacteriophage cor 
piiscles But veiy seldom m experiments w here the nurabei of bacteriophages was 
of inipoitance, has any attempt been made to use a definite number ofcorpusc es 
as opposed to a definite quantity of filtiate, which indicates nothing So, tor 
instance, the estimation of comparatue virulence of two bacteiiophages wou d e 
made with one drop of each filtrate in 10 c c of bacterial emulsion and a conclusion 
w ould be drawn that one bacteiiophage was of poorer virulence than the other no 
considering the possibility that the reverse might be true and that one drop ot 
first filtiate contained perhaps one million times less corpuscles than one drop o 
the second ^^hencvcl necessaiv we tried to use a definite number of bac er 
phage corpuscles and not a definite quantity of the liquid 

The influence of the reaction of the fluid medium on the optimal deve^opmen 
of bacteriophage has long been iccogni/ed Bledia with careful!} adjuste re 
were used, but attention was seldom paid to the changes which occur in o ^ 
of cultivation With the majoiity of bacteria these changes are alrea }' 
derable at the eaily stages of cultivation and onl} too often reac t e pom 
the development of bacteiiophage oi its consequent conservation sutier 
liquid media m oui laboratory which are liable to change theu reac ion 
cultivation we add one of the sensitne indicators, such as phenol red, lor 
leading and collection of the reaction during cultivation 


In this paper I shall go into details of the technique which was e 
during my previous studies on bacteriophage and smtably adapted to t le . 
gation of this Inquiry into choleraphage It aims at obviating the fa acre.. ° 
some have been mentioned above, but it is still far from ideal and efioits o 
it have our daily attention 

The principle of handling the bacteriophage as a cultiue of a 
appbed successfully in practice showed once more that the hving natme ® 
phage IS not a hypothesis, not a theory, but a fact If bacteriophage is er o 
bfe, our technique would have served as a leductio ad ahswduni if 
But practice shows that bacteriophage handled as a livmg being behaves as 
and confirms our expectations 

The methods developed during the work of this Inquiry were made ^ 
work on choleraphage, but their prmciples, in my view, are app ma e 
working with other bacteriophages as well 



/ N Abliesliov, I AshesJiov, S Khan and M N Laliin 1105 


Media 

Papain digested meat media Coiuentrated Broth 

Tins M IS found to be one of the best niul ('Jieapest media for genera] use The 
following method was worked out in oiir l.ihoiatoi) and has been used successfully 
during tlie last three years — 

One thousand grammes of well-chopped meat is thoioughly mixed with 4 litres 
of distilled i\ ater Fifteen grammes of powdered papain^ is w ell emuLilied in a little 
water and added to the meat Tlic reaction is adjusted and maintained throughout 
the digestion as far as possible near pH 7 0 To obviate the complicated use of a 
colorimeter to control the reaction we use the simple ‘ drop ’ method on a white 
porcelain plate or on a glass plate placed on white paper, one diop of medium is 
mixed with one drop of 0 02 pei cent phenol red One soon learns to recogmze the 
dehcate salmon colour of pH 7 0 All is put in a large saucepan {degcln), placed 
within another with wnter, making a watei-bath The temperature of the mixture 
IS brought to 70°C and so maintained for three hours By that time the digestion 
for our purpose is complete The digest is filtered through ‘ agar papei ’ (so-called 
type Chardin or 11174 S and S ), the reaction adjusted to pH 8 4, and sterilized 
at 115°C for 20 minutes Durmg the sterilization a coagtilum forms which clears 
the liquid considerably and helps the subsequent filtration This constitutes the 
Concentrated Papam Bioth 

Concentrated Peptaimn Broth 

I have used tins medium with good results since 1921 (Asheshov, 1924) Though 
more compheated and expensive than papain media it has the valuable advantage 
of brmging out particularly well the morphology of bacteriophage clearmgs and is 
therefore used for agar in Petri dishes 

One thousand grammes of well-chopped meat are thoroughly mixed with 2 
litres^ of 1 per cent HCl in ‘ distiUed ’ water and 0 5 to 1 g of pepsm Ph Br IV 
(1 2,500) (Merck) is added It is left at 37°C for 24 hours No preservative is 
usually requned hut m hot weather m India, when meat is thoroughly contammated 
with micro-orgamsms that would grow even m such an acid medium, addition of 
chloroform (about 15 c c foi 4 hires) is advisable 

Next day, to the jelly-hJce mass is added ammonia up to slightly alkaline 
reaction to the btmus The mass becomes fluid It is then brought to boiling 
point It must coagulate well, leavmg the liquid qmte transparent If it does 
not coagulate properly, more ammoma is cautiously added (It is curious that the 


* Unpiirified dried juice of Carica papaya Its use for bacteriological purposes was first 
suggested by Jfartm (1927) It can be obtained from 3? J Holloway, Esq, Trafford HiU, Golage- 
dere, Ceylon 
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coagulation ib inoie compluto m an allcaline meditim) Tiie liquid is now cooled 
c[uickly and sti.iuu'd thiougli mublin The liquid pait is stcrilued and put aside as 
the ‘ Peptone P.ut ’ 

To the ( o.igul.ited nie.it collected on the muslin .iboiit 200 g of chopped liver, 
2 hties of dibtilled w.itei .ind 0 . 1 g of Patioealnnitn abtolutum (Merck) are added 
The reaction is in.ule distinctl) .ilh.iline b} the addition of ammonia (litmus paper 
eleail} blue) Some lb ( t of tldoiofoim is added as a jircbeivotivm The whole 
mixture is left for about one week oi longer, when the clrgestioii is complete and 
the lrc[uid ib iich in tiiptoph.ine This constiti'toa the -Vmino Part’ 

Both peptone and ammo paits .iie mixed without preliminary filtration, the 
reaction ib adjusted to .ibout pH 7 2 In addition of .immonia, the whole is stenhzed 
and then cooled cjuickh to piomote bedimentation It cannot be hltered as the 
uudigestcd paiticlcb .ire vei \ fine and clog the filter immediately The next dav 
it lb ahead} possible to dec.int the larger pait of the liquid The rest is mixed 
again, sterilized and left to settle until required The decanted liquid constitutes 
the ‘ Gonccutiatecl Peptamm Biotli ’ 

Ptepmulion of tontine media 

Biliilion of concent) ated htolh — It js the routine practice of tlie majority of 
laboratories to estimate the dilution of broth by the quantity of meat used— even 
kilogram of meat giving so main hties of biotli It is evident that m this way 
every batch of the broth is of diflcient nutrient properties, the difteience heuig 
sometimes considerable Some laboiatorres have recognized this fallacy and tried 
to mtiocluce some moie dehnite standard of dilution, aiming at obtaining a more 
constant composition of then media Consider mg the ammo part of the bioth .as 
the most important, the methods of estimation of ammo acids were introduced At 
the begmning of our wmrk w e also diluted our concentrated broths dow'ii to a ceitam 
concentration of ammo acids Howev ei, it was soon recognized that it is not only 
the ammo acids but other organic matter as well that play an important part 
in determination of the nutrient property of our media Therefore it was cousi^ 
dered more logical to hav^e recourse to an ‘ estimation of all the organic matter 
contained in the concentiated broth and then to dilute accordingly The KjeldaU s 
method of nitrogen determination is too complicated and requires too much tune 
and attention foi everyday use On the contrary, the method of determination o 
oxidizable matter, based on the same principles as that used in water examination, 
was found to give a very tan estimation of the nutrient properties of the medium 
It was worked out m the following manner — 

DetetnmiaHon of oxidizable matte) — Reagents necessaiy — 

1 Standard oxalic acid solution containing 7 88 g per litre 

2 Standard potassium permanganate solution — 4 g per litre 

3 Sulphuric acid solution — 1 in 4 
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On a clieniical balance ^veigh accuintel\ 7 8S g of tbemically p^ue oxalic acid 
and dissolve it m exactly one litre of distilkd v atei 

111 another flask dissolve approxun itch 4 g of potassium permanganate in 
900 e c of distilled watei 

Into a 500 c c flask put about 200 t c of distilled vatei Fiom a burette 
measure into this flask 10 c c of permangan te solution and add about 10 c c of 
sulphuric acid solution Bring to boiling point and maintain it boiling for exactly 
(by stop watch) 5 minutes Fiom aiiothei buiette add 10 c c of standard oxalic 
acid solution and continue to add it cautiousK drop bv drop until the pink colour 
in the flask disappears Note the amount of oxalic acid solution used This will 
indicate how much the prepared potassium permanganate solution must be diluted 
to be equivalent to standard oxalic acid solution If, foi instance, 11 2 c c of oxalic 
acid solution uere used, then eveij' 10 c c of permanganate solution must be 
brought up to 11 2 c c This will constitute the standard potassium permanganate 
solution 

It IS recommended that this preliminary titration be repeated before each 
exammation of the broth, if done on different da}s, begmmng with titration of the 
solution contamiiig 1 g of potassium permanganate m 900 c c and diluting it each 
tune afresh as indicated 

Determination of the oxtdizable matte) tn the hoth — 

Prepare accurately a 1 10 dilution of the broth in distilled water Add Ice 
of it to about 200 c c of distilled water m a 600 c c flask Add 10 c c of sulphuric 
acid solution and from a burette run in exactly 10 c c of standard potassium 
permanganate solution Bod for exactly 6 minutes llTiile still hot, add accuratel} 
10 c c of oxalic acid solution, which will completely decolorize the mixture m the 
flask Add cautiously to this decolorized liquid the standard potassium perman- 
ganate solution until first traces of pink are noticed The amount of potassium 
permanganate solution required indicates the amount of it spent on oxidization of 
the orgamc matter in 0 1 c c of concentrated broth taken for examination As 
1 c c of standard potassium permanganate solution contains 1 milligram of oxygen, 
it follows that each c c of this solution spent m titration of our sample mdicates 
that every 100 c c of our concentrated broth contain such an amount of organic 
matter as to reqmre 1 gramme of oxjgen for oxidization Colloquially we say that 
each 1 c c of standard potassium permanganate solution mdicates ‘ 1 per cent of 
oxidizablo matter ’ in our concentrated broth 

This titration indicates the amount of the total orgamc matter, including 
ammo-acids, peptones, proteoses, etc , present m our medium As not only ammo- 
acids serve as the food for bacteria, it is evident that m this way we get a much 
better idea of the true nutrient value of our medium than m the case of determina- 
tion of the amount of ammo-acids alone Experience proves this For instance 
we have on our log batches of broth with ‘ 1 8 per cent oxidizable matter but of 
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« t!: j;: rs::;: 

cally tho Mime nutuout ])ro])LMti tho.,»I, H ^ J' bioth ofpracti- 

P« cent and 0 iO,, pe. cent /eic “ f nVrff '? ™ »« 

content, tiie iuet bate), )„„,„) f„ ),„ , n„ . ! f anuno-acids 

Honcvoi, as fo, some n," '"'"ccessnnlj concentrated 

cccls content. I am J ^ f V “T' 'dlow tte anna., 

laboratory _ = “'•"'“‘I “f H'c-r determrnat.ons, as nsed ,n o.r 

(IctCi ))) ) in-ii C 

Sorensen as developed l)^ Eiown (IOhT method is based on that of 

«ients ^h'hth inodified to suit our require- 

Add stiong (15 per centViVnoTu'ot^ c c of 1 per cent phenol red 

on further addrtlon of alK ili T . * ***' l*daid does not bcconre more red 

formal, ..^becomes agan', a'cd. adT,L'.e'',d)!air''M'ter 

Pienol rod and ddnfe t'.t|!'‘dlhri''' 1 c e of 1 per cent 

Beaker "l p„t some so'o ’c'’ of° 

a Jo.rmate.y pH 7 8 In m3 op.,,.o.,';.,rrrt,,e Z l“ler>;l;;Crp;l:rX^ 

broth, and 05 cc of 0 1 om c^’^^cd water Add e.raeth' Ice of conceirtrated 
Beaker III F.om Zal T 

liqiud in beaker II Pom foinialin to tlje saj/ie level as the le'vel of the 

4 Into beaker II add ilt- i 

that of the foimalin in beal' *^ ^ m acid until its colour is exactly the same as 
beaker II ^jgQ from beakei T 1 ^^<^m beakei I add 8 c c of formabn to 

brmg It to the same level \ = i sufficient amount of formalin to beaker III to 

5 After addit beakei II 

to the combmation of formalin beakei II the liquid in it becomes acid due 

sufficient amount of standmrl TV on^ ^mino-acids By means of a 1 c c pipette add 
beaker III solution of NaOH to bimg its colour to that of 

will give the aLL^nt of^minl-°^ titration by 70 It 

After numerous tiials we ^ ^^i in 100 c c of concentrated bioth 

our concentrated brotk (‘ P ^ media aie obtained if we dilute 

matter ’ content for bioth anef ’) to ‘ 0 5 per cent of oxidizable 

agar Lower content m oxichy m oxidiz.able matter ’ content for 

increase of it does not imornvA +i^ “^u-ttei results m poorei growth, while further 

prove the quality of the medium noticeably 



/ N A^liesliov, I AsJiesIiov, S K/iaii and J/ N Lalvin 1109 


Biolli — The nccc‘5sary amount of conc( ntialed broth is first filteied through 
paper and diluted to the ‘05 per cent o.\idizihie matter’ content with distilled 
water 0 5 per cent sodium chloride is added ricaction is adjusted to pH 8 0 

0 1 c c of 1 per cent plienol red solution is iddod foi c\ei\ litre and the whole is 
sterilized at 115‘’C for 20 minutes It is then filtricd, if necessary, through Kisel- 
guhi covered filter-paper, until ciystal cleai, and then distributed into test-tubes 
or flasks and sterilized again 

Agai for plates — TJie requiied amount of pcptamin concentiated broth is 
diluted to contain ‘ 0 75 pei tent oxidizable matter ’, the reaction is adjusted to 
pH 7 4, the broth is sterilized and filteied lepeatedlj until perfectly clear This 
often saves the necessity of subsequent cleaiing the agar with egg and always gives 
a more transparent medium, so essential for the study of bacteriophage clearmgs 
No salt IS added 1 1 per cent of China glass (agar-agar) and no mote is added 

1 have often heard tlie objection that such an agai cannot be used m a hot climate 
Such an objection does not hold true The agar sets at about 40‘’C — 41‘’C It 
starts to melt in the neighbourhood of 65‘’C Even m the hottest time of the year 
m India the temperature during the night only exceptionally rises higher than 37°C 
(98°F ) It IS true that the agar under those conditions takes many hours to set 
Our routine practice is to pour the plates in the afternoon and to leave them to set 
overnight Next day they are of noimal consistency The mam precaution to 
obtam a good, elastic and not brittle agar is not to heat it too many times Three 
sterihzations (to dissolve the agar-agar, to coagulate the egg for clearing, and to 
sterihze after filtration) are almost the hmit After a fourth sterilization there is 
already a risk that it wdl be too brittle When I am preparmg media myself I use 
1 per cent agar The additional 0 1 per cent foi the agar prepared by media-makers 
IS added for safety’s sake only a 0 9 per cent agar is already too soft for platmg 

Such a light concentration of agar must be msisted on because it is absolutely 
essential for the study of the morphology of bacteriophage clearmgs 1 26 per 
cent agar is less satisfactory Over 1 6 per cent agar is almost useless for the 
purpose Besides, 1 1 per cent agar is very fluid while hot and is easily filtered 
through Chardin paper, giving a clear medium, essential for morphological 
studies 

The agar is dissolved by steammg for 20 minutes, cooled to 60°C and the 
whites of one or two eggs added In some laboratories I have seen as a routme 
that the white of egg is added along with China grass before the latter is 
dissolved In that way it is impossible to obtam a clear agar as the egg coagulates 
before the grass is dissolved and fads to catch all the impurities m the coagulum 
To ensure a good coagulation the dissolved agar with the egg added must be 
heated at least half an hour IVhde hot it is filtered through ‘ agar paper ’ 
(Chardin or S and S No 1117|) and not through gauze and cotton-wool This 
last method gives a large amount of waste but fads to give as clear a solution as 
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filtoi-p.ipei T)ie filtori-fl aj'ar is ilibtiihiited into 200 c c flasks and sterilized 
Before pouring the plates it nunt not he steiili/ed but onh heated srifSciently to 
be dissolved 

Aga) fo) .s/oyics — B.ipain rontentiatid hioth is used It is filtered througli 
p.ipei, if nccessai} e\cn thioiigh Kiselgiilii-co\ eied pajier, until perfectly clear 
It IS diluted doun to ‘ 0 75 pel cent OAidi/abh* matter ’ content, reaction is adjusted 
to not more tli.in pH 7 0, and 2 cc of 1 pei cent ciesol red is added toeiery 
litre No s.ilt is used 1 u per cent of China irrass is added and the whole is 
steiili/ed at 120°C for 20 minutes, then filtried through ‘agar paper’ without 
cleaimg with egg If the broth was clear, the agai will be also sufiiciently clear 
for slopes 

Agar fo) Lrgioux lubei, — This is piepaied from peptamm broth in the same 
way as for plates except that 1 5 per cent China grass is used With due precaution 
in drying, all pei cent agar also can be used 

Bile agai — This is used for isolation of the cholera \ibio It is prepared from 
papain bioth, diluted down to ‘ 0 75 per cent oxidMable matter’ content, 0 5 per 
cent salt and 0 5 pei cent socluira ( holeatc PCI (w rongly called ‘ tanrocliolente ) 
(Merck), are dissolved in it, reaction adjusted to pH 8 2 and the w'hole filtered 
through paper 2 5 pei cent of China glass is added, ns sodium choleate makes 
the agar brittle It is steiili/ed to clissohe China grass, denied W'lth egg, filtered 
thioiigh agai paper and distiibiitecl into flasks for plates or directly mto Legrorix 
tubes and sterilized This simple agai gives an excellent difierentiation of cholera 
and allied vibrios 

Taf-watei — This is used foi dilutions of bacteriophage w'heii no subculture 
is necessary Tap-watci is first boiled, cooled, filteied, 0 2 c c of 1 per 
cent solution of brom ciesol puiple is added to distinguish it fiom normal 
saline, and it is distributed by exactly 10 cc quantities into 8"Xl" Irrhes 
and sterilized 

Peptone-fi ee medium — For some investigations it is necessary to use peptone 
free ’ media but containing steiilizable non-digested protein For this purpose 
we use the ‘ Lymphe ’ medium of Tricone (1930) 


Sodium phosphate 

05 g 

Calcium biphosphate 

05 „ 

Sodium chloride 

50 „ 

Egg yolks 

2 to 3 

Distilled water 

1,000 c c 


Adjust the reaction to pH 7 0 Sterilize at 120°C -for 20 minutes Cool 
quickly Filter first through ‘ agar paper then through ordinary filter-paper 
Distribute mto test-tubes and steribze at 105°C for 16 minutes The medium mus 
be sbghtly opalescent 
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Peptone uatei — For peptone watei a\( iis) onh Difco peptone as gn mg best 
and constant results One per cent peptone ind 0 5 pei cent NaCl aie dissolved 
m distilled nater and tlic reaction adjusted to pH 8 0 with NaOH solution It is 
filtered through oidinai} papei, distiibutcd info tubes and steiilized at 1]6°C for 
15 minutes It is important to avoid a second steiilization as it gives an inferior 
medium for iiork ivitli bacteriophage 

Foi preparation of all media I stiongh leiomniend the use of distilled water 
throughout Onl} in this way it is easy to obtiin crystal clear media so essential 
in work ivitli bacteriophage Tap-water can be used only if it is particularly soft 
Only foi preparation of laige quantities of bacteiiophacre do we use Ganges water, 
which before being used is fiist boiled, cooled, left to sediment overnight and 
then filtered until absolutely clear 

For adjusting the reaction of all media, and paiticularly for peptamm agar, 
I recommend the use of ammonia in preference to NaOH, as ammonia salts are 
advantageous in bringing out the morphological peculiarities of bacteriopbage 
clearings The exception is made only in the case of peptone water where NaOH 
solution is to be prefeired as ammonia gives less constant results 

Some op the special appliances reqeibee 

Test-tubes — I strongly recommend for use in bacteriophage work test-tubes 
of large size We use 8"xl" with 10 cc and 20 c c of liquid media d’Herelle 
pomted out that dysentery and staphylococcus bacteriophages develop better, 
produce qiucker lysis, and gam sooner in virulence if they are cultivated m hyper- 
aerobic conditions We found that choleraphages also multiply quicker and give 
larger resulting number of corpuscles in hyperaerobic conditions Therefore we 
applied hyperaerobiosis not only when producing large amounts of bacteriophage 
but in everyday practice It was for that purpose that the large tubes were intro- 
duced They are more convenient in work with loops and spreaders (see under 
‘ Platings ’ and ‘ Type test ’) These tubes are held m especially designed stands 
(Plate XLVI, fig 1) which permit keeping the tubes in a slanting position (as 
well as in the upright one) throughout the cultivation This gi\es a very large 
surface and a thin layer of the liqiud, promotmg considerably the action of bacterio- 
phage 

For agar slants and for peptone water we use 7"X0 7" tubes We found them 
better than the usual 6" tubes m preventing contammation 

Larger Petri dishes than the usual are recommended We use 120 mm x 20 mm 
this size bemg more convenient for plating and spreading For the study of 
morphology of bacteriophage clearmgs 50 c c of agar is poured into the dish, giving 
a rather thick layer essential for that kmd of work For routine purposes 40 c c 
IS sufficient 
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Li(j\on% tubc6 — Tlicsc uo>c found exceptionally useful for work m India for 
man} purposes Two \auoties are used tlic lar^e, mcasuiinglTcm x4:5ein(LN 
1791) (Plate XLVI, fig 2), .aid the smaller, 17 cm X2 7cm (LN 1560) They are 
used with both agai and li<[uid media These are filled witli 20 c c and 15 cc of 
liquid media oi 28 ec and 19 c t of agar lespectively AVith liquid media they 
give a veiy thin layei and veiy huge suifacc ^\ ith solid media they give a very 
convenient siiiface foi isolation of bacteii.i oi foi obtaining tliem m large quantity 
These tubes aie paitii iilaily useful m hehl woik, where they advantageouslv 
leplace Petii dishes, being piotected from (ontammation Tubes with positive 
results can be kept for a veiy long time, sealed if necessary, to obtain cultures of 
first tiansfer Foi that reason we prefer them to Petri dishes even for routine 
isolation of vibiios not only m the field but in the laboratory as well 

AMieir plugging them, it is advisable to insert along with the cotton-w ool plug 
a fourfold sbp of agar paper to collect the water of condensation accumulated on 
the w'alls of the tube Before use they are put for a couple of days into anmeu- 
bator, neck dowm, to dry If 1 1 per cent agar is used m Legroux tubes, they 
must be first dried for tw'o days in the horizontal position, agar lay’er up, then in the 
upright positron, neck down 

In case of emergency, Legroux tubes can be replaced by flat rectangular 
medicine bottles of 8 oz capacity 

When pluggmg flasks, tubes, etc , I strongly recommend the use ofnon-absorbent 

cotton-wool It is more economical, is a better protective against contamination 
and does not get wet in steiilization, unless the latter is done carelessly 


Equipment for filtration 

Alumimum funnels and covets — ^For tire preliminary'’ filtration through 
Kiselguhr-covered filter -paper the glass funnels were replaced by ahunmium ones 
We use funnels of 2 6" (6 5 cm ) top diameter, 2 2" (6 5 cm ) height of the body, 
60° angle and 1 5" (4 cm ) long stem^ They'- are used with a pleated filter-paper 
disk of 12 5 cm diameter (S & S No 588) and can conveniently hold 20 c c of^ 
liquid The funnels wath folded filter in them are mounted on an ordinary test- 
tube, covered with paper and sterilized (Plate XLVI, fig 3) I do not advise the 
use of glass funnels As they have to be sterilized before and after use they crack 
and break too easily 

The funnels are provided with special covers to protect the contents durmg 
filtration from flies and possible splashmg from nearby funnels 


* Obtainable from Etabhssementa Leune, 2S-bi3 rue Cardinal Lemoine, Pans, France 
t Funnels and covers for them were made for us by Alumimum Manufacturing Co , Ltd , H, 
Cbva Street, Calcutta 
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KtscIquJa vispension — Tlio tiials 'sliowt'd tl\at 1 pei cent suspension of 
Kiselgiilir’' gives the best lilin on the filtei p ipei 1) ictei lal emulsion filters tluougli 
it quite quiclvly, giMiig gciiei.illy a cijstal ( h ii filtiate, though a heai)^ stool 
emulsion prob ibly mil lequiic double filtiation Such a suspension is piepaied 
in advance in 500 cc flashs and steiilized 

Cyhiuhical fuimch — The bulbous fiinnel& nsuall} supplied mth ilartin filteimg 
flasks uerc found unsatisfactoi} Tliev eiack easily duiing stenlization and are 
difficult to clean Their stem is too thin and the smill india-iubbei coik gets loose 
after a short time The funnel made foi me in Indiaf proved to be more convenient 
in use This funnel consists of a glass cvlindei 1 2" (3 cm ) dinmetei, 3 5" (9 cm ) 
high As v\e use 1 25" high india-iubbei stoppers, the stem is made 2 5" (6 5 cm ) 
long It IS (9 mm ) thick, with tapeiing end, the point being about (4 mm ) 
in diameter Instead of the coik at tJie end to fit the candles, we use india-rubber 
vacuum tubing 10 mm thick with 1 mm boic AA hen put on the stem of the funnel 
it makes a long, slightly conical stoppei Being a little longei than the stem, it 
gives a soft end, easily collapsible to fit even tlie smallest bore of filter candle 
(Plate XLVI, fig 4) 

Candles — Tluoughout routine woik L3 Chambeiland candles were used, mainly 
of 75 ram x 15 mm si 7 e, though foi filteimg largei quantities of liquid the F oi B 
(embasse a tcton) were used (Plate XLVII, fig 5) Each new candle is washed 
thoroughly with a brush and diied Each candle is given a cuiient numbei, 
which IS written on the lougli suiface of the candle with wax pencil and then 
lightly burned to destroy the wax and to leave a brick-coloured figure The used 
candles are boiled immediately after filtration The following detail prolongs 
the life of a candle very consideiably Inside the saucepan m which the candles 
are boiled, a line is drawn 2 5" (6 5 cm ) from the bottom and water is always 
poured up to this level When the candle, with the non-absorbent cotton-wool 
round its neck, is put into the water, it will float m upright position, without 
being filled with water Water will gradually pcicolate into the candle through 
the walls washing away the organic matter, which no boiling could remove 
effectively After boiling the candles are thoroughly dried in an incubator and 
then burned to dull red-heat in a muffle oven for 45 minutes The burning is 
indispensable Beard (1931) showed that boiling of the candles even for 40 
minutes does not always destroy bacteriophage inside the candle I have found 
‘ Muffle Furnace, Multiple Umt, Electric ’ with enclosed rheostat (‘ Cenco ’ 
Catalogue No 6372) very convement in use It takes 46 minutes to bring the 
candles to dull red-heat, and during the total time of hours this furnace 


♦ I prefer to nse the ‘ Kiselguhr, white, for filtration ’ (Baird and Tatlock), though the dark 
variety used m France la also very good 

t By the Soientifio InstrumPiit Co , Calcutta 
J, Mil 
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consumes less tlum two units of cuucnt After the candles are cooled, the small 
ones (L3) are lead} to be mounted The bi” ones (F and B) are better washed 
tluoucdi to lemove the inoiganio ash from inside the poies and then tested for 
soundness A \ eiy convenient w a} to wash these candles is to filter some water 
through them, using Chambeilaiul liltei No 28 (Plate XLVII, fig 5) A similar 
apparatus can be made out of 1” wnitei-pipc {sec Text-figure) 



Testing candles — A testing apparatus can be easily arranged m the foUowmo 
way — ^ 

Parts required a pressure tank with pressure gauge used for large petro 
kerosene mcandescent lamps, a motor car foot-pump, a large pressure gauge 
on a T-tube with a T-stop cock at the joint All are connected with heavy pressu 
tubing A well-moistened candle is connected to the T-tube and put under wa er. 



I'lATE AiwVl 



-Assembling the'alnmmium[funnellfor filtration through Tig 4 -Cyhndncal funnels to be used with L3 candles 

Kiselguhr covered paper 


v>- 


I'f-vj’K XLVII 
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By means of the foot-pump tlie pressure is biought up to 16 lb and then very 

not 1 appearance of air bubbles is 

1 t'lc candle must be rejected as 

r 1 ‘ must be 

uid “>0 1™ "" F caudle crivcs the bubbles between 18 

The L3 candles arc mounted on so-called conslnction tubes The French 
f>ifl ^ sup^rlicd uith the liltcriiig outfit is too thin and of inconvenient size 

ither^too short or too long Tlie collar part is not satisfactory The ‘ constriction 
ubes of my design, at a price only slightly higher than that of the ordinary test- 
ubes, uere made for me in India-*- Their dimensions are those of om usual test- 

1,.1 w . 1 ^^ ’ I" below the iim These provide a much better 

c or the candle The candle must be mounted very tightly by means of non- 

ti,o°f 1 ^ oii-i' ool, so as to prevent the candle from shppmg inside oi faUing off 
n,. r 1 . , “ opebbig of the candle is plugged (Plate XLVII, fig 6) The 

mounted tubes are sterilized in a hot an sterilizer 

cotton-uool plugs, to replace the candle after filtration, are prepared, 
each wrapped separately m paper 

So-called Martm flasks are used for filtration (Plate XLVII, fig 7) 

^a6fe— As a considerable number of filtrations is done every day, a 
Snl.!f constructed (Plate XLVII, fig 8) It is of the usual 

wUT, ‘ ^ running along the middle Under the shelf a gas pipe, 

eaob g'"'’ on the shelf, is fixed A side hole and channel in 

semnri' ^ thiee-way cock, permitting disconnection of each flask 

]„L. ^ ^ P^piog m connected to a vaccum tanlc provided with a gauge The 

anrl^^ W P™P I consider the CroweU Eotary No 0-D Vacuum 

— 

advilhif “‘’“‘“'”8 evacuated arr back to o container, it is 

satisfactor to prevent contamination Cotton-wool filters are not always 

contti ^ purpose I have designed the followmg filter easfiv 

riicted in every laboratory A tall Martin filtration flask is fiUed almost to tb. 

gh which a glass tube is passed down to the bottom The flask is fil]p8 wi+l, 

Srrrr’' teads-ta; :f*sis 

a motor car serves the purpose well The top end of the glass tube is n.-, a 
with a large pad of cotton-wool The side tubing of the flask Ts couuppI^^!^ 7 - 
con ainer where the air is to be admitted The stop-cock or the clamp's sW^y 


* By the Scientifio Ipstrufnent Co , Calcutta, 
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n)i ClioJcid Tidchn lo'phaqe 

loIo.is,.,l until 11,,. loM.I of III,, oil , 1 , tin tiilio st.ut, .lotvij to fall ami tknait 

ubI.K mil iliioiii,), ||„. „,| n„. 

tliil Ml., in, li.is to pii.a In i„|,„.,t,. n.ns l„.|«oo„ tlit l,..,ils thioiigl, tlm slid, 

01 iiimotli.it |iio<,...s.ill III,. |,.iiti.i.sMmi„.i„|nl m llio an, inclmling Imdeiia, 
U ill 1)0 ict lined 1)\ tlio oil (Plato XLVII 1. 0) 

CoLT.ifrioN or MA'irnivr 

Stool a (oiiMdoial.Io mimljoi of htools \soio looonod l)\ post, ii special 
oo locting tubo ;\as do>,ii,mod It ton.ist, of a Ju■a^^ walled te-t-tiibe 6"xr 
(J.iO mm X 25 mm ), itifJioid jim, pioMcled with an oidmaiv coih tliroiigli wkcli 
stout (host of alnmimnm .illo\, as it docs not rust) as in the usual chplitlieria 
out t his tube is piotcctod with a tin ctiii which, in its tiiin, tits into a strong 
^\ oo( on lox On the end of tlio wiie a special swab is made a considerable piece 
0 so called wood-pulp) oi ligmno is wound loiincl foi about three-qiiaiters of the 
eiigt 1 of the w’lie It is then coveiod wntli a ioi/ thin la}ei of absorbent cotton 
woo , just to ti\ the woocl-pulpj to the Avne A small piece of Asoocl-pnlp is placed 
on the bottom of the tube (Plate XL7I1I, fig 10) As the wood-pulp is about 
15 times moie absoibert than cotton-wool, such a sAvab will hold about 6 to 10 c c 
of liquid The excess will bo absoibcd by the wood-pulp at the bottom Tins 
airangeinent eiiectiA''ely pioA'cnts spilling of the infectious mateiial diiiing tiausit, 
even if the tube be bioken The wood-pulp can be obtained fioin laboiatoi) 
firms (usually giatis as they icceu’^e it as piaclving mateiial) In case of 
emergency the so-called ‘ cleansing tissues ’, used b}. ladies foi removing face 
cream, can be utrlized To collect the liquid stool it is enough simply to clip the 
swa into it if will be absoibecl with extieme lapidity Moie solid stools can he 
smeared all over the swab 

Howwei, it was found that much better results for isolatron of vrbrios Aveie 
a ne j platmg the stool at the bed of the patrent 'direct on Legionx tubes 
ec nique of such plating is simple and even the subordinate peisonnel can be 

11 field Neveitheless for isolation of bacteiiopbage the- 

colle^ing tubes desciibed above aie mdispensable 

Pprnvi 1 ^ 1-1 sewage Avater is best of all, collected into Merck s 

•nrm A Tlicse bottlcs staiicl sterilization well, aie veiA’’ stout and are 

provided Avith a good stopper 

IfouriNE rROCEDURE OE FILTRATION 

sterile Kiqplo aluminium funnel with the folded paper-filter m it rs filled AVith 
laver of Erseim L "When filtered through, there remains a very thin 

I candle mounted into a Martin fiaslc and the liqmd under 
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oxaimuatioii is filtciccl into fclic oylindiical fuimel (Plate XLVII, fig 7) 

Ho\\ever, \\itli heiMly laden emulsions of the stool, oi when shme-producing 
baeleria, such as prolcui, ol pyocyanuib iik used, it is advisable to filtei tbe 
liquid twice tliioiigh Kiseigulu-to\ ik d pipei (o picveut the clogging of the 
c indie 

Suction at lo inches (100 mm ) is applied oiiK when the pieliminary filtration 
has been completed, otherwise the an bubbles m the stem of the glass funnel will 
prevent the liquid from reaching the candle After the filliation is finished, the 
aluminium funnel is put into a bucket for stenli/ation and the glass funnel is 
disconnected from the candle and put into i saucepan to be boiled The candle 
is then taken out fioni the tube c lutiously wuth forceps and also put in water 
lobe boiled The eonstrietioii tube with filtrate is plugged with the sterile 
cotton-wool plug The filtrates arc conserved in these tubes and are not 
transferred to any other rccept iclcs 


RouTINL dilutions and TI VTING Ol BAG lERIOPHAGE 

These serve the purpose of obtaining the discrete clearings produced by 
bacteriophage m a bacterial lajei on agir, proving the presence of bacteriophage 
for the study of the morphology of the clearings, for isolation of prue-lme races of 
bacteriophage and for enumeration of bacteriophage corpuscles 

Requirements — 

1 Tw'o 10 c e eniulsions of eonespoiiding bacteria, made by addition of 
about one c c of from d to 18 hours old culture to 10 c c of broth, peptone water or 
tap-water The cmrdsion must be heav}^ enough to give, on spieadmg on the agar 
surface, a continuous layer of bacteria 

2 120x20 mm agar jilates 

3 A standard ‘ Small lioop ’ This is made of 0 3 mm thick platinum or 
mclrrom wire, the inside diameter of the loop being 1 5 mm This loop, if operated 
as instructed, will take about 0 0015 c c the loop after immersion m the 
liquid IS slowly taken out of it, not flat but sidewise In this case only a 
thin fibn will be formed in the opening of the loop, and as its formation depends 
only on surface tension of the liquid this film will be practically identical 
every time 

d A standard ‘ big loop ’ is made out of 0 0 mm -thick platinum or nichrom 
wire (preferably the latter, which is strougci and more springy), the inside diameter 
of the loop being 6 mm It is bent in a particular manner (shown in Plate XLVIII, 
fig 11) to ensure better holding of the drop and comfortable spreading In the case 
of the big loop, the drop is taken difierently The loop is taken out of the liquid 
flat, with a smooth jerk, when an almost hemispherical drop forms m the loop 
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(Plate XLVIIT, fig 12) One soon leains how to take the right sized drop 
This drop w’lll contain about 0 025 cc which is the proper amount of tie 
liquid to be spucad on a quartei of a 120 mm agai plate The variations in tlie 
amount of the liquid heie t.in be consideiable, but with a little practice 
this can be reduced to about 10 per cent, wdiich is not great when dealing 
wuth numbers like 10®-10*^ In my trials to reprlace the big loop by Donald’s 
drop) method, I foirnd no imp)ro\ement, while the technique with loops is 
incomparably simpler 

These two looprs give us the possibility of obtaining a considerable scale of 
difterent dilutions, entirely sufficient for our pur-poses 

The following are the usual dilutions employed — 

1 ‘ Small of the small loop ’ dilution — shoitly ‘ ssl ’ One small loop of the 
filtrate is introduced into 10 c c of liquid After thorough shaking, a small loop 
from this tube is tiansfciied into 10 c c of bacterial emulsion and a big loop of that 
is plated on a quadrant of the agar plate (Plate XLIX, fig 13) 

2 ‘ Small of the big loop ’ dilution — ‘ sbl ’ One big loop of the filtrate is 
introduced into the first tube, a small loop from it into the second, and again a big 
loop from the last is plated It is easy to understand that the ‘ big of the small loop 
dilution, ‘ bsl IS identical with ‘ sbl the order of the dilution only being 
changed 

3 ‘ Big of the big loop ’ dilution — ‘ bbl ’ A big loop of the filtrate mto the 
first tube, a big loop from it into the second and a big loop of the last plated 

4 ‘ Small loop ’ dilution — ‘ si ’ Small loop into the second tube, and a big 
loop plated direct from it 

5 ‘ Big loop ’ dilution — ‘ bl ’ A big loop of the filtrate into the first tube, 

and the same amount plated from it 

6 ^Mien there are very few coipuscles present two more dilutions may be 
plated ‘ one c c ’ — 1 c c — of the filtrate mto 10 c c of emulsion and a big loop 
plated from it , and ‘ direct ’ — ‘ d ’ — when a big loop, of the filtrate is spread duect 
on agar and then covered with one big loop of emulsion 

As in all cases it is the same big loop which is plated, this is disregarded m the 
nomenclature 

If we start with the high dilutions, we can plate all seven dilutions using the 
same two tubes each next dilution contaimng a considerably larger about 
times number of bacteriophages, the previous one can be disregarded 

With the ma] oiity of bacteriophage cultures the ‘ sbl ’ and ‘ bbl ’ dilutions are 
sufficient to show on one of the platings a sufficient number of well isolated, discrete 
clearmgs 

As we know the degree of dilution of bacteriophage cultuie and the amount o 
the last dilution spread, we can easily calculate the number of corpuscles m our 
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original filtrate Tlic follo^Miig table helps the calculation in case oui big loop 
takes 0 025 (1/10) c c and the small 0 0015 (1/666) t c , 


‘bl’ 

1 6X10^ 

‘sr 

2 6x105 

‘bbr 

6 4x100 

‘ sbl ’ or ‘ bsl ’ 

1 0X108 

‘ssr 

1 7 X 100 

'1 cc’ 

4 0X102 

‘d’ 

4 0X101 


To use this table multiply the munbex against the dilution by the number of 
clearings obtained on the corresponding pl.atnig If, for instance, on the ‘ sbl ’ plating 
there are 20 clearings, the filtrate contains 20x(lx 10®)=2xl0® corpuscles 

The table must of course be calculated anew for each set of new loops, after 
ascertainmg the average amount of liquid taken by these loops This is done by 
weighing on a sensitive chemical balance To determine the amount of the liquid 
taken by the small loop, take a small ‘ agglutination ’ tube, put about one c c of 
broth into it and weigh it carefully Then take from the tube ten small loops, drymg 
the loop every time Weigh the tube again Repeat the procedure at least ten 
times and then calculate the average amount that is taken by one small loop For 
the big loop cither the same procedure is used, except that the weighing is done 
after one loop is taken, or the loop itself is first weighed dry and then with the bqmd 
taken Not less than ten weighmgs must be done, or better more, and the average 
taken 

The error of this method can be estimated approximately as 26 per cent, but 
sometimes it may reach 50 per cent Moreovei, the data obtained by different 
workers can hardly be strictly compared, even if they use the same loops This 
IS not surprising if we take into account the enormous number of corpuscles 
present m a suspension of bacteriophage and, consequently, the enormous dilutions 
and insigmficant quantity of that suspension used for the actual enumeration of 
the corpuscles The ‘ error of chance ’ in that case is proportional to the degree 
of dilution 

My mvestigations mto evaluation of the viridence of bacteriophage showed the 
necessity of more exact methods of such enumeration The method of serial 
dilutions devised by Miquel for counting bacteria, appbed by d’Herelle and other 
workers for bacteriophage work and used as a basis of the techmque suggested by 
Saran]am Khan (1930) and Vardon (1930), gives exaggerated values amountmg to 
from 10 to 1,000 times the actual as veiified by plating Therefore it seemed to me 
that effort must be directed to finding some means enabbng us to measure more 
accurately very small quantities of liquid Donald’s (1915) drop method and 
Wright’s pipette method proved to be impracticable in work with bacteriophage 
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After many tiialfa I succeeded in finding a way of measiuing cj^uautitieb of liquid 
between 0 01 c c and 0 05 c c iiitli attiiiac} of about 08 per cent 

The method consists in using instead of loop^ sin, ill glass tubes fixed lu a wire 
Foi instance, to make a tube holding 0 05 t c of the liquid, take a glass tube 
(prefeiably Pyiex) of about 3 mm inside diamctei and about 8 mm long Eima 
few spuals of mchiom wiic louiid it, leaving a siifhcient length of the ivire to fix it 
in a loop-holdei eigh it on an .itciuate chemical balance, then dip it into water 
and take it slowly out Weigh it again If it takes less than 0 05 c c reject it and 
prepare anothei fiom the same tubing, but a little longei If it takes more, cau- 
tiously pohsh the ends of the tube oft on a whetstone To obtain a tube taking 
exactly 0 05 c c — oi any fixed amount— is ,i \ er} tedious job and requires many 
houis of jiatient polishing oft and weighing Ilowevei, such an exactitude is not 
required The luipoitaut fact is that the quantity of the liquid held by the tube is 
governed by the law' of suiface tension ,ind consequently is almost exactly the same 
every tune yve take it Therefore, yvliethei our tube yyill take exactly 0 05 c c or 
0 0437 c c is of no importance as it means only that our calculation table yviU be 
composed for that particular quantity instead foi 0 05 c c , m the same way as we 
do for loops The small tube, for instance of 0 01 ,c c , is stiU more difScult to 
prepare to take a prefixed quantity as it is impossible to cut so uarroyv a glass ring, 
and it requires a long tmic to mb it doyyn on the stone to the required size 
(Plate XLIX, fig 14) 


These tubes cannot be flamed as the loops and are sterilized by boding For 
qiuck smoothly lun yvoik I use tyvo * big tubes ’ a 0 05 c c and tyvo ' small tubes a 
0 01 c c In this case, each pan of tubes must t,ike an equal quantity of liquid, as 
otherwise the recording of dilutions becomes too complicated To steiilize the 
tubes two large test-tubes are flxed above a gas burner m an mclmed position and 
filled yvith well aerated (to piey'ent explosive boiling) distilled yvater A bent wire in 
front of the mouth of the test-tubes helps to hold the loop holders (Plate XLIX, 
fig 15) I have found that in yvork yyuth bacteriophage and non-spore-bcaring 
bacteria one minute of the boiling is quite sufficient to prevent contamination, and 
while one tube is used, there is sufficient time for the other to become ready 

The defect of this method is that for the actual plating on agar it is still necessary 
to use our ordinary big loop ’, w hich increases the error to about 10 per cent even ui 
the hands of an experienced worker 

^ I give here, as an example, the calculation table for ' big tube ’ of 0 06 c c , 
‘ small tube ’ of 0 01 c c , provided that for plating a ‘ big loop ’ of 0 025 c c is used, 
‘sst’^ 4X107 

‘ bst ’ 01 ‘ sbt ’ SxlO'' 


‘bbt’ 
‘ st’ 
‘bt’ 


1 6X10<5 

4x10^ 

8X103 
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The table is used m the same waj ns tint foi loops 

I i\ould like to make it epute tlcii, tint m my opiuioii, using bactciiopliagc 
action on bncterin (lysis oi tie ii mgs) as the iiittiium of its piesciitc, we will never 
be able to iseeitam the itcluul numliei of bacteiiopliagc torpustks present 
Experience shous tint the miiiibei of clearings, produted b) the s.imc amount of 
the same b ictenophage suspension, \aiios with different stums of bacteria used 
For instance, if we tike a suspension of i li u teiiophagc wdiich has been for a long 
tunc maintained in the labor itory on 1 iboiatori ’ stiains of bacteria and plate the 
same dilution of it, using on the one hand i ‘ iaboratoiy ’ stiaiii of bar teiia, and on 
the other a frcshl) isolated stiain, we wdl have laigei numbei of clcaiings with the 
former On the contiai}, a frosld} isolated i ite of bacteiiopliage will give a larger 
mimbei of tie inngs w ith i fieshlj isol ited stiain of bacteiia Still more difference 
will be obtained it we list foi plating smooth and longh cultures The difference in 
this case can be ver} consider ible As ca< h eultuie vanes as to the relative number 
of rough and smooth elements picsent it follow's that the numbei of clearings obtained 
with the same suspension of bacteriophage may vaiy also Therefore when counting 
the number of corpuscles, the most we can say is that a suspension of bacteriophage 
contams so many corpuscles ‘ active foi the particulai culture used ’ 

Isolation oi bacteriophage 

From stool — The standard papain broth is distributed into 200 c c flasks by 
50 c c amounts The stool-impiegnatcd swab is soaked m that broth, and then 
13 easily removed fiom the wiic with the help of forceps If the stool is brought to 
the laboratory in some other coiitamei, about 5 c c of the liqmd stool or a piece of 
about the size of a laige hazel-nut of the solid is thoroughly mixed with the broth 
A few drops of a young ficshly isolated peptone water”'’ culture of the organism 
against which the bactciiopliagc is sought is added The addition of the fresh 
culture arms at giving the bacteriophage probably present the opportunity to 
develop e\en during this first cultivation and to be consequently more easily 
discoverable I have used this enrichment method with success since 1923 
(Asheshov, 1924) The flask is left till next day, when it is filtered and the filtrate 
examined for the presence of bacteriophage During cultivation the reaction is 
corrected if necessary 

F}oni watei — The use of the enrichment method is essential "Water, and 
particularly sewage wmter, contains a large amount of bacteria, forming on the 
surface of the broth a pellicle which intercepts the free supply of an to the rest of 
the broth, impeding in that way the normal development of bacteriophage 


* For work witli dvsenterv bacteriophage d’Herelle lecommends preparing bacterial emukion 
from agar slope cultures in preference to the broth cultures We have found that for cholera u ork 
young — 6 to lo hours old — peptone water culture gues letter results than washings horn agar slopes 
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Theiefore it was found essential to filtei water before adding it to the broth 
It IS advisable to use a laigo amount of water, from 100 to 2,000 cc The 
followung technique was developed — 

Into the Kita&ato filtciing flasks of necessai v sue a certain amount of concen 
tiated papain bioth, oi 20 pci cent peptonewater is added The amount is calculated 
by the amount of w'atei which is to be filteicd into this flask, so that the final content 
of the liqiud in the flask in nutiient material will be approximately the standard 
one of 0 5 per cent oxiduable matter ’ content, or 1 per cent peptone Phenol 
led solution is added calculated for the total amount of the resulting liquid If a 
flask of not more than 500 c c is used, it is mounted wuth L3 candle, 75x15 mm 
or 150x15 mm , as show n in Plate XLIX, fig IG, and the whole sterilized Flasks 
of one 01 two litics aie better mounted with larger candles I do not advise 
hlteiing more than 200 c c into a 500 c c flask, oi 800 to 1,000 c c into a 2,000 c c 
flask, as the essential supply of an will not be sufficient For larger amounts of 
water, I w'ould advise using the big Pyiex balloons used for preparation of vaceme 
They aie mounted in the same w'ay as big Kitasato flasks (Plate XLIX, fig 16) 
After filtration the india-iubbei coik is replaced with a cotton-wool plug As 
enrichment here is essential, a voiing, fieshly isolated cultiue is added, one to two 
c c for eveiy hundred c c of the liquid, and the flask is left till next day The 
reaction, if necessary, is corrected during cultivation by addition of sterile 

4 per cent NaOH solution 

Next day some 20 c c fiom the flask is filtered, dilutions m ordinary broth 
are prepared and platings of ‘ bbl ’, ' si ‘ bl ’ and ' 1 c c ’ are made After that, 

5 c c of the filtrate is added to the fiist tube, 2 5 c c from it transferred mto the 
second and all aie put into an incubatoi in a slanting position A control tube 
with the same amount of culture is placed along with them The tubes during the 
first 6 to 10 hours aie obseived eveiy 1 oi 1 houi, and the change in the tubes as to 
the turbidity and reaction of the medium is noticed 

The following conditions may be present — 

1 During all the period of observation, and the next day the tubes present 
no difference from the control, and the bacterial layer on the platings is normal 
This absence of bacteriophage may be only apparent, as has been ascertained 
many times Therefore both inoculated tubes are mixed, filtered and the procedure 
of plating is repeated in the same manner If after the second transfer there is 

no tra,ce of lysis and the bacterial layer remains normal, bacteriophage is con- 
sidered absent 

luoculated tubes become at some time diuing the cultivation less 
tur 1 t an the control, though the next day this difference may disappear, or the 
inocii a e tu es may even become more turbid than the control The platings 
may show either few clearings or only ‘ traces ’ of them, that is to say round spots, 
per aps ev en o pinhole size, entirely covered with bacteiial growth, hut of 
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difEercnt cliar.\ctcr from tlic siirrouudmg Limi, or the whole layer is somewhat 
different from the control it can be more tiaii'-p uent or more opaque, or granular 
This may indicate the presence of bacteiiophage though a feeble one In that 
case the tubes are filtered and ‘ bl ’ and ‘let’ platings aic made If no defimte 
clearings are obtained, but it is still of interest to work with this feeble bacterio- 
phage, trials can be made to augment its Mrulence as described latei 

3 There is definite lysis at some time dining the cultivation, which can later 
on be masked by the appearance of secoiidaiv growth or may remain more or less 
permanent Plating presents anything from isolated well defined clearings to 
isolated colonies of icsistant grow'th, oi even a sterile surface In that case an 
active bacteriophage is present The tubes are filtered and ‘ sbl ’ and ‘ bbl ’ 
platings arc made for the study of the morphology of the dealings and isolation of 
pure line cultures 

SJiorl-cut method of ascciloining (lie presence of bactenophage — This gives 
positive results when bacteriophage is present in lelatively large number, at least 
5x102 per 1 c c On the surface of the agar in Petri dish or m Legroux tube, or 
even on a agar slant an emulsion ot corresponding bacteria is spread so as to obtain 
a continuous layei of growth AVhen the surface is dry, a drop of the filtrate is 
put over it If bacteriophage is present, next clay we shall see a big clearing present 
m the layer of bacteria Parthcr on in this paper another short-cut method will be 
described w'hicli at the same time will give the indications of the types of bacterio- 
phage present in our filtrate 

Isolation of fuel-line types 

After the presence of bactenophage is confirmed, and the well-isolated discrete 
clearings are obtained, then morphology must be attentively studied It is neces- 
sary to do this after as few transfers as possible Qiute often there can be present 
two bacteriophages of widely different rates of multiplication, and consequent 
transfers can eliminate the ‘ slow ’ one, or reduce it to such a small number that 
on the usual platmgs there will be visible only one type Therefore it is advisable 
sometimes, besides making dilutions giving discrete clearings, to make platings 
with a large amount of filtrate like ‘ bl ’ If another bacteriophage is present m 
small numbers its presence, perhaps, will be discovered by clearings, or traces of 
clearings, in the layer of secondary growth resistant to the predommating type 
For the same reason, if one does not want to lose a bacteriophage possibly present 
along with the other but in small number, it is better to Iceep the original filtrate 
and then examine it by means of the type test described below If bactenophage 
IS present, but the ordinary method of isolation from single clearmg is not 
successful, this can be done by means of anti-serum as wiU be described m a further 
publication 
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Tho tliaiiiclci of the clciiiiiigs nuit.t bo btiiclicd Tlic bi/<c alone is in tliema 
joiity of caacs of uo impoitunce Bactciiophages are met with, paiticiilarly amongst 
the dysentciyphageb w'hich aic without any doubt piue cultuics of one type hut 
giving constantl} dealings of a size vaiying from many millimetres to pm-poiut 
It IS the luoiphology, tho btiucLiue of the clearing winch is important The 
diaractei of the ceiitic, the innei edge of the phage iione, the character of that 
/one, its outei edge, the lysm /one, the charactei of the sccondaiy grouth 
appealing m the clearing — all must be noted But usually, after a 'very little 
piacticc, the piesencc of two types ot dealings together on the same plating is 
recognized at a glance It gives a somewhat ‘patchy’ impression A closer 
study will icveal the diflerence 

If tlic piesencc of different dealings is noticed, they are separated on the same 
piinciple as bacteiia cultuics arc isolated Foi each tyjie two tubes w’lth emulsion 
of coiicsponding bacteiia of about 100 to 100 millions pei c c are prepared For 
isolation a very small loop, made of very thin wire, is used its ‘ light ’ must he of 
pin hole size, the flat part sliglitly bent With the flat of this loop the centre of a 
well-isolated dealing is repeatedly dabbed A slight amount of liquid, which in 
that manner is piessed out fiom the agar, helps bacteriophage to adhere to the loop 
The loop is w'ashed off m the emulsion and the following four platings are made (1) 
direct — ‘ d ’ — plating fiom the first tube, (2) «i ‘ small loop ’ — ‘ si ’ — from the first 
tube is transferred into a second, also containing emulsion, w'heiefrom the usual 
plating is made, aud (3) in the same niannci a ‘ big loop ’ — ‘ bl ’ — is transferred 
and plated One of these platings is suie to give discietc clearings The d 
plating morcovci frequently helps one to iccognizc if the isolation Has not heeu 
successful aud another type is still piescnt m small numbeis If necessary the 
process of isolation is repeated In any case, after one oi tw'o passages by means 
of filtration the control platings should be made, mduding that of a large quantity, 
say, ‘ bl ’ The practice of this laboiatoiy, and which is strongly lecommended, 
IS to plate after each passage It saves the disappointment of unexpected results 
and adds much to the exactness of observations, giving often very important 
information as to the state of the bacteiiophage cultuie Exact methods of 
control of bacteiiophage cultures for then puiity wall be given further on m the 
papei, undei the discussion of different types of bacteiiophage 

Heie it will be not out of place to mention the necossaiy precautions to protect 
bacteriophage cultuics from contaminations Some of them will perhaps sound 
elementaiy Unfoitunately, m many laboiatories they uevcithelcss aic not 
obseived 

1 Prevent bacteiiophage from being spread all over the laborator} , tieatmg 
each filtrate as a highly contagions liquid If spilt, use freely some chloimc so n 
tioji, electrolytic chlorine (EC) foi instance This solution must be m hands 
reach of every worker Ilauds must be frequently washed in it 
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2 IIivo .1 ])ioro of ootton-\\ool mois(<MKHl in E C on a Potii dish covei in 
fionf of you wlu'ii Irinsfminf' oi plitiny lut ti iioph i"c Di iin tlieloop on it 
Iii'foie 11 iniinti tli(> dioplols of the lupiid lnoii;,dit snddi nly into the flame biiist 
and stutter h u tti io])liaj;e ill loiind hifoii it is hilh d in the flame 

3 "When pouiing out huteiiophiye snspmsions horn an) containei (eg, 
fiom a test-tnlie into the fiiniul), fl ime tin iim of it not only hefoie but after 
pouring out as well Tlu tontunei btfoii stei ili/ation is likel) to lie liandled 
by attend lilts, w ho will soil then hinds iiid spread bacteiiophage ill ovei the 
hboiatory 

1 FI line the mu of the filtei t iiidle befoie inserting tlu stoppei of the 
funnel A\ hen disconnecting filtei candles, wipe the place of connection with 
cotton-wool moistened in 15 0 befoie touching the candle 


SOMM VRY 

The technique of work wnth hactciiophage devised mainly foi investigations 
on choleraphage, but applicable in useaidi on any bacteiiophage, is desciibed 
The bisic pimciple of this technicpie is to tieat baeteuophage as an nltra- 
microscopic, ‘ filtiable ’ living oiganism The successful use of this technique 
during many sens is considered as an additional pioof of J-he living iiatiue of 
bacteiioph ige 
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I HAVE already pointed out (Asheshov, 1924) the existence of bacteriophages 
producing different kinds of clearings and the possibility of separating them in 
puie-hne cultures, breeding true (Plate L, figs 1 and 2) Before that other 
authors also paid attention to the difference in formation of clearings, but 
their differentiation was mainly concerned with the size of the clearings, and 
not their strncture 

Morphology of the clearings 

For the study of morphology of the clearings we can distmguish the following 
parts in them and their variations {see Plate L, figs 3 and 4, and Plate LI, 
figs 5 and 6) — 

1 The clearing proper — This is the central part of the clearing which can be 
free from bacterial growth, or contain isolated colonies of resistant bacteria, or be 

( 1127 ) 
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coveied A\ith n bartoiial l.i}oi Tlio cli.iiactoi of tins '^lo^vtll is noted Even if 
the glo^\tll (ov’oi'i till' doaiiiii' propei ( oinpletoly, it nsnally piesents a definite 
rlifteienco in appeal, nice fioiii tlie sunoundinu noimal gimvtji of bacteiia In 
examining the dealing piopei we notice its si/e (winch is least important), the 
chaiactei of its cdue, and the diaiactei of sccondai} cultuie piesentinit Usually 
we desciibe the edge of the dealing pi opei onl} in cases where it is not surrounded 
bv zones In that case it is nsualh abiiipt. — almost peipendiciilar to the 
surface of the agai If the de.umg piopei is siuioiinded by zones w'e prefer to 
describe that edge as the innei edge of the zone as actiiall) it is a part of it 

2 Baclci iop7iat]e ~o)ie — Here we note the si/e it tan be a very thin ring, 
only a fraction of a millimetre w ide, oi may leath many millimetres The character 
of the mnei edge it can be smooth oi inckntated, sloping gradually or abruptly, 
of the same stiuctuie as the zone oi difteient, piesenting itself as, eg, a whitish 
ring The outei edge abrupt or sloping shaiplv outlined oi gradually diffusing, 
ciiculai 01 indentated 

Tins zone contains bacteiiopb.age on its whole sin face, — hence the name It is 
probably the result of penetration of bacteriophage into the bacterial layei at the 
time when the latter could still be partly influenced by' the former 

3 The oule) o) lyiic zone — The same jraits as m the phage zone are noted 
It IS of interest to study the i.apidity and intensity' of pcnctiatiou of this zone into 
the noimal layer of bacteri.r surrounding it Seme bacteriophages evidently 
produce a large amount of pow'ciful lysm, which lapidly' diffuses into the bacterial 
layer, changing within a short time its W'holc available surface A good example 
of tins IS given by Serti6 (1929) winch enabled bim to prove definitely the pio- 
duction of lysins by bacteriophage He also studied the penetration of bacterio 
phage into that zone Here bacteriophage itself evidently penetrates the bacterial 
layei when it cannot any longer produce any visible changes in it, as its presence 
or absence in different parts of tins zone makes no difference as to the appearance 
of the latter 


As I have mentioned above, the size of the clearings is of no great impoitance 
It is true that some bacteriophages usually produce large cleaimgs, some small 
But with the majority of bacteriophages this chaiacteiistic is not constant and can 
be inodified at will to a considerable extent, particularly in dmimishing the size by 
repeated selection of the smallest clearings As we will sec later, bacteriophage 
belonging to the same type can produce clearings of very diflerent size 

Though the morphology of the clearings is a very important characteristic of 
bacteriophage, we must never forget that it rs not a permanent one and depends 
on the environment — in fact to the same extent as in the case of morphology of 


bacterial colonies 
comparative value, 
bacteriophage 


Therefore the study of morphology of the clearings has only a 
assisting us m the comparative study of different types of 
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The raorpliology of flic cleanugs flc 2 )eiuls oii tJic following factors — 

1 Baclenal culture — The clinracter of (he cultiiie and its state influences 
the formation of the dealings directly any alteration in it is followed by a change 
in the character of the dealings On different strains of the same bacteria a 
bacteriojihage can produce entirely different deal mgs E\ en if we take a bacterial 
culture and by plating it on agai obtain a do/in strains picked fiom single colomes, 
we may get a different tyjie of clearing with eich strain It follows that any 
change in the relative amount of these component parts of the cultuie will change 
the aspect of the clearings of the same bacteriophage So, foi instance, the 
phase of dissociation of the culture influences the foiination of the clearings 
considerably 

2 The nutrient medium — This influences the foimation of the clearings by 

its chemical composition and by its physical state Generally speaking the chemical 
composition influences it iiiduectly by altering the character of the culture Bac- 
teriophage is very sensitive to these altciations Even the usual slight differences 
in composition of different batches of the same agai alter the aspect of the clearmgs, 
and thrs is the mam difiicultv m the studv of their morphology The only method 
which would permit us to obtain more constant results would be the use of a medium 
of defimte chemical composition For B coli we have the excellent synthetic 
medium of Sertid {loc cit ) which brings out the structure of the clearings 
particularly well (Plate L, fig 3) Here is its composition — 

Asparagm 5 g 

Magnesium sulph 1 >> 

Potass sulph 1 » 

Sodium monophosphate 2 „ 

Glucose 15 g 

Lactose 0 5 g 


Reduce the asparagm to pow'der and dissolve it m some 100 c c of hot distilled 
water Dissolve the other ingredients each separately in a small quantity of 
water Add the solution of phosphate to the asparagm solution, mix the two 
sulphates and add them to the asparagm and phosphate, then add the sugars 
Complete to 1,000 c c with distilled water This is the only way to obtain a clear 
solution, the reaction of which is pH 7 2 which on addition of 1 1 per cent of agar 
and sterilization will be strictly neutral Bacto-Agar Standardized is used Do 
not clear with egg 

Unfortunately this medium cannot be used for the study of choleraphage as 
cholera vibrios grow very poorly on it I have tried many combinations with a 
view to obtaimng a synthetic medium for cholera vibrio but without success Not 
one of them gave sufficiently good growth of the vibrio to show well the morphology 
of clearmgs 
J, MR 
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pl^sical state of the medium, oi to be more precise, its consistency, 
flueiices the foimatioii of clearings m two ^\avs (a) tlirough influence on the 
acteiial grou tli, and (b) directly on the bacteriophage The greater the concentra 
ion 0 agar-agai m the mediimi, the less peimeable it is The results of lesser 
permeability is that, on the one hand the nutrient mgiedients reach the bacteria 
wi more difhculty, while on the other hand the products of metabolism of both 
bacteria and bacteiiophage do not diffuse away from the point of gro^vth but 
accimu ate and interfere with furthci development of bacteria and bacteriophage 
la IS w y the concentration of agai must be as low as possible As I have 
pointed out before we use as routine 1 1 per cent agar 

On account of this instability m the morphological character of the clearings, we 
cannot take it as the basis foi classification of bacteriophage On the other hand 
t e morphological difieiences of bacteriophage races are of considerable practical 
importance They give us a practical method of separation of pure-line races, 
ecause, however great may be the vaiiations in morphology of the clearings of one 
and the same race of bacteriophage imdei the influence of environment, different 
types of bacteriophage will almost always preserve under any circumstances the 
Cl erence between themselves and we can always distinguish them one from 
another Foi instance, if we plate two types of bacteriophage together, in the 
majority of cases we will be able to distingmsh them by the morphology of the 
c earmgs and to sepaiate them, though we probably will not be able to recognize 
w ich is which, owing to unlcnown changes mtroduced by the environment 

Very early m my studies I observed one more phenomenon which makes the 
use of morphological characteristics for difl:eientiation of bacteriophage still less 
certam This phenomenon (also partly described by Serti6) m my opimon closely 
resembles the phenomenon of dissociation m bacteria though being entirely mdepeu- 
ent &om it Occasionally, undei mfluences as yet unlcnown, some races of bac- 
t^iop age begm to produce two kinds of clearmgs So, foi instance, m cholera- 
p age a race of Type A, which usually gives zoneless clearings, will start to produce 
on a^ar, besides the typical clearmgs, clearmgs with zone, which resemble (but are 
not 1 enti^l with) clearmgs of choleraphage Type B Or choleiaphage Type B 
wi gn e, esides the usual clearings, cleaimgs with a weU-pronounced white riug 
on the inner part of the first zone (Plate LII, figs 9 to 11) Isolated in the usual 
way, t ese two kmds agam imitate the process of dissociation one kind breeds 
a rnos rue, t e other contmues to give two kmds of cleaimgs m spite of very many 
^ single clearmg At the same time the other ‘ type charactei istics 
wHicli wiU be described later, remain unaltered, both kmds of bacteriophage 
remai^g true to the type from every other point of view 

it tile transfers are contmued without isolation, the newly appeaimg kmd 
some unes oversows and suppresses the origmal More often we observe this 
phenomenon with the newly isolated races of bacteriophage. My ^impression )s 



Igor N ami Inna Aslieshov, Satanjam Khan, Lalnn, and Cliatterji 1131 


that this IS due to the new environment induced I)\ om aitificial methods of culti- 
vation, vastly different from tliose w Inch bacli iiopliipe meets in natme In every 
report to the Conference of Ecsearch Woikci'- in India I have insisted on the fact 
that by using our laboratory methods of i ultivation of bacteiiophage we mduce 
considerable changes in bacteriophage cultjns, — ‘ dmaturing ’ them — and that 
bacteriophage translated from its mtiual conditions and placed in artificial ones, 
such as a test-tube with brotli, loses vciy quichlv many of its valuable properties 
and acquires the new' ones not possessed by the ‘ natural ’ bacteriophage 


EcCIPKOCin COMPENSATORV ACTION Or DIFFERENT TYPES OF 
BACTERIOPHAGE 

The morphological differences m the clearings produced by bacteriophage 
impressed on me the necessity of dividing them into definite groups or types to 
classify them JIany authors noted that there exist bacteiiophages possessing 
different properties, but no definite attempt at classification, at systematizing our 
knowledge of bacteriophage, was made Exception must be made only m the case 
of Burnet (1929) who w-as the first to suggest the division of bacteriophages into 
three groups (1) bacteriophage acting only on smooth elements of the culture 
( ‘ smooth ’ phage), (2) bacteriophage acting on rough elements only ( ‘ rough ’ phage) 
and (3) bacteriophage acting on both smooth and rough elements ( ‘ smooth-rough ’ 
phage) We verified the observations of Burnet and were able to confirm his 
statements 

In the following discussion I will refer mainly to our observations on 
cholera bacteriophages, which give a good example for classification Ex- 
perience proves that the same principles can be applied to other bacteriophages 
as well 

Examining at the beginning of my work on choleraphage many hundreds of 
races of choleraphage I was able, at first only on the basis of the morphological 
character of the clearings, to separate them into three groups the races of cholera- 
phage of each group gave clearings of the same kind different from those produced by 
bacteriophages belonging to the other groups To these groups I gave the name of 
Types A, B and C Eor convenience we use the following symbols for them 
Ch,^A, GHB and Ch<;.C (Plate LII, fig 12) 

The question arose whether this division would be found to be supported by 
other properties peculiar to each type so separated Experiments show the 
following — 

1 The difference in morphology of the clearmgs coincided with Burnet’s 
division Ch<^A acted only on smooth elements, Ch^B on both smooth and rough, 
Chc^C almost exclusively on rough However, though the division of bacterio- 
phages into ‘ smooth ‘ smooth-rough ’ and ‘ rough ’ is very important, it is not 
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always piacticablc, p.u ticul.uly in the case of bactcuophagcs acting mainlv on tough 
elements Eveiy tnltiue, even the ‘ smoothest especially that of cholera vibrios, 
contains some longh elements, on which even a strictly ‘ lough ’ bacteriophage can 
propagate itself Besides, as we shall sec, this division pioAOs to be insiifBcient, as 
each gionp may contain bacteiiophages of considcr.ibly different character For 
instance Ch^B, Ch</)C and Ch</)D (lecently desr iibed by Pasricha) differ widely m 
their properties one fiom another, though all of them belong to the ‘ smooth-rough’ 
bacteriophages Therefoic I piefei to use the piopeity of a bacteriophage of acting 
in preference on the certain phase of dissociation of a bacteiial culture not as a 
criterium for classification but as one of the iieimanent characteristics of the type 
But imdcrstairding of the cMstcnce of such a property is essential as it explains 
many pbenomena w'liich otherwise could bring confusion into our principles of 
classification 


As an example of such a phenomenon I w ill cite one of Bail’s (1923, Table on 
p 134:) experiments, which he found difficult to explain lie possessed a bacterio- 
phage ‘ Yk ’ wdiich did not show' an evident action on a bacillus called ‘ Kraus 
However, when ‘ Kraus ’ w'as submitted to the action of another bacteriophage 
‘ Km ’ and a secondaiy grow'th of ‘ Kraus ’ resistant to ‘ Km ’ was obtained, the 
latter showing itself sensitive to tire action of bacteriophage ‘ Yk ’ My explana- 
tion of this paradox is that bacteriophages ‘ Yk ’ and ‘ Km ’ belonged to difierent 
types and to drfteient groups of Burnet’s division ‘ Yk ’ may be, for instance, 
a strictly ‘ rough ’ bacteriophage Then bacillus ‘ Kraus ’ must have been 
smooth with only very small number of rough elements present Therefore the 
action on it of ‘ Yk ’ could not be ascertained by the method of plating 
Bacteriophage ‘ Km ’ then was a strictly ‘ smooth ’ one Its action destroyed all 
smooth elements of ‘ Kraus ’, leaving the rough untouched, which formed the 
‘ Km-fast ’ growth Being rough, this culture easily show'ed the action of bac- 
teriophage ‘ Yk ’ A similar example we find in the recently pubhshed paper by 
Pasricha (1932) on Ch^E A culture of cholera vibrio which seemed to be 


naturally resistant to this bacteriophage became sensitive to it after the 
of Ch^A The explanation here is exactly the same as m case of 


action 

Bail’s 


bacteriophages ‘ Yk ’ and ‘ Km ’ 

2 Antigemcally my three types of choleraphage (those discovered by 
Pasricha are not yet investigated) aie unmistakably different anti-Ch^ 
serum inhibits only the action of Ch^A, leaving intact all the others , Ch^iB 
inhibits only ChijiB, etc This will be dealt with in extenso in a special paper 

3 Most important from the practical as well as the theoretical point of view 
IS the fact that vibrios which became resistant to the action of one type of bacterio 
phage are still sensitive to the action of all the remaining types In other worcs, 
the secondary growdh of vibrios appearing after the action of, say, Ch^A an 
resistant to it, is still sensitive to and can be destroyed by the action o ^ 


y 
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bicteriopliages belonging to olliei types Tins is iccipiocal to all tbe types, as 
the following experiment proves — 

Five tubes of tbe usual emulsion of \ibiios in biotb aie inoculated, each tube 
separatel} , with pure-line ciiltirres of the five types of choleraphage After 
complete or partial l}'Sis in these tubes the second rr\ resistant growth will appear 
Each growth is spre id sepriatel} nr columns on the surface of agar in a Petri dish 
Filter all the tubes Superimpose on each ol the spreadings one drop of each of the 
filtrates which contain tire pure-line ciiltiiics of choleraiihage hen the bacterial 
laj er on the agar becomes visible, \\ e will see tliat on the secondary growth resistant 
to Chi/iA all the other bacteriophages have produced clearings, similarly the 
secondary growth resistant to Ch^B will be found resistant to Chi/iB only, and so 
on (Plate LII, fig 13) 

These three characteristics of the types of bacteriophage are stable and per- 
manent we have never yet seen a bacteriophage belonging to one type lose one of 
these properties or acquire one peculiar to another type Neither have we met yet 
an intermediate type Tins statement worked out first for the three types of 
choleraphage was entirely supported by the Ch^D and Ch^E recently described 
by Pasricha (1932) Therefore I consider the suggested division not only logical 
and natural but also indispensable for the rational study of bacteriophage The 
fact that we were able to apply with the same success the same principle of 
division and classification to dysenteryphages and some other intestinal bacterio- 
phages still further supports oiu view 

The fact that the secondary culture which has become resistant to one bacterio- 
phage may still be sensitive to another has long been known Bail (1923) in 
particular studied this phenomenon to a considerable extent Other workers 
confirmed his observations, but they were not applied to work out a defimte method 
and were not used for a defimte classification of bacteriophages which alone can 
bring a clear system into our studies 

Properties of diefi rent types of choleraphage 

Besides the three cardinal and permanent characteristics mentioned, bacterio- 
phages belonging to the same types have many other properties common to them, 
though not permanent and varying from race to race under the influence of the 
environment The following is the more detailed description of the types of 
choleraphages described up to now — 

Ch(j>A IS a quick acting bacteriophage the best race of this type can produce 
a complete lysis of vibrios in less than two hours Its generation period is approxi- 
mately between 45 minutes and 1 hour 15 minutes The lysis is never permanent 
and IS quickly followed by abundant secondaiy growth resistant to all bacteriophages 
of the Type A It attacks only the smooth elements of the culture, not touching 
the rough The members of this group vary widely in activity, range, virulence 
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and stability Tlio viiiilence can be exalted, paiticularly if bacteriophage is freshly 
isolated But the gieat majoiity of the freshly isolated Ch^A are very unstable 
They die out within a very short period — sometimes within a few days— imless 
they are adapted to laboiatoiy conditions by fiequent transfers The range of 
virulence of some of the races of this type is often lestricted to a small number of 
strains of vibiios, but they aie compaiatively easily adapted to act on the other 
strains of smooth cholcia vibrios They do not attack the noii-agglutinable vibrios, 
even if the latter arc smooth The mimbei of corpuscles of Ch^A usually reaches 
11X10'^, occasionally mXIO^o pei c c The late of multiplication of the best races 
IS HX 10® even nX 10® in 2 houis {see Chapter on ‘ Vmileiice ’) 

ChffiB The geneiation peiiod of this bacteriophage on a smooth-rough culture 
IS usually betu een 1 houi lu minutes and 1 houi 45 minutes, and the lytic action of 
even the most active of this type is consideiably slow ei than that of the Ch^A The 
ly’^sis IS seldom pioduced in less than thicc houis The lysis is also not permanent 
and IS followed by the secondary grow th, w hicli appeals later than with the Type A 
On the other hand, Ch<^B is consideiably more stable than ChM The range of 
virulence is veiy’’ wide Only quite leccntly, after four y'ears’ of work on cholera 
bacteriophage, we received 12 cultures isolated lu the southern part of Madias 
Presidency which were not attacked by our Ch^<B However, after only two trans 
fers on one of these strains, the Ch<^ 14CB had become adapted to it and lysed 
perfectly every strain of this lot Cln^B acts on both smooth and rough elements 
attacking also some of the uou-agglutinable vibrios The number of corpuscles of 
Ch^B usually'’ reaches nX 10® occasionally going up to rtXlO^^ per c c The rate of 
multiplrcatron is usually nXlO® in two hours 

Ch<f>C rs a slowly growing bacteriophage, ivith generation period of 2 hoius to 
2 hours 30 minutes It produces appreciable ly'sis only with rough cultures and 
even then seldom complete and followed by the usual secondary growth Very 
often its presence can be ascertained only by production of clearings on agar growth 
of vibrios This bacteriophage seems to kill vibrios without completely'’ lysing them 
The platings made from a culture after some 6 to 8 hours of action on it of Ch^C, 
and while apparently unchanged in the test-tube, give only a few colonies on agar 
However, this may indicate only that Ch^C acts on the culture better on the agar 
surface than in the broth The range of activity of this type is very wide 
have not yet met a strain of cholera vibrio which is not acted upon by our Ch^C 
It attacks also many'’ non-agglutinable vibrios The number of corpuscles of this 
type in pure culture reaches wXlO®, often jiXlOi®, but in a mixture with other 
types its number is usually only wXlO® Its rate of multiplication is usually 
wXlO^ m two hours 

WD (Pasricha) The generation period of this bacteriophage (we have only 
one race of this type at our disposal) is 1 hour 20 minutes to 1 hour 30 minutes on a 
smooth and 1 hour 30 minutes to 1 hour 40 minutes on a rough strain The lytic 
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action IS slo\scr than that of CHB butqiiiiki » ih in Ch^C it gives an incomplete 
Ivsis in about five hours After its action on lougl culture ihe secondary growth 
develops more slowly and to a lesser cxtint t' an iflci the action of Ch^B The 
range of activity and stabilitj of this bactcrioph igc have not yet been sufficiently 
studied Its rate of multiplication is nXl<'“ ui 2 houio 

Ch<i>E (Pasneha) A very slow ictimr iMctciiophagc with genei ition peiiod 
on rough culture of 1 hour -10 minutes to 1 houi 5U minutes seems to act only on 
rough elements The lytic action is vciy slow, but i= more pronounced than with 
Ch^C the lysis of the rough cultuic is moie complete th tn witli Ch^C and the 
secondary growth appears with difficulty Kate of multiplication is m 2 

hours 


CoiIBllNLD VCTION Of CHOLERArHAGES 

As I have already mentioned, the lysis produced by puie-lme choleraphage, 
however virulent it may be and whatever the numbei of corpuscles and vibrios 
used, is invariably followed by secondary giowtli In fact, it can be said, 
that the quicker the lysis, the sooner it is followed by the appearance of the 
secondary growth* This is so constant that if a pure-line bacteriophage 
culture shows the protracted appearance of secondary growth we always 
suspect it to be contaminated with another type, and on type-testing it, usua y 
find our suspicions verified 

Taking into consideration the fact that a secondary growth which is 
resistant to one type of bacteriophage remains sensitive to all the others, we 
might expect that the combined action of two, three, or still more of a 
the types wiU prevent the formation of secondary growth or at least retard its 
appearance Experience shows this to be true a combination of even 

two types of bacteriophage retards the appearance of secondary growth or 
many hours, while the combination of the best representatives of all the 
types may make the lysis permanent, no secondary growth appearmg even 
after many days The action of the single and mixed types is clearly 
demonstrated on the Charts 1 to 5 It follows from this observation that in 
the practical application of bacteriophage for treatment or prevention of a disease 
we must use a mixture of all available types acting on the causative agent Such a 
mixture must have a quick actmg bacteriophage (hke Chy A) m preponderance, the 
other types serving only the purpose of pieventmg the secondary growth from 
appearmg Only then can we expect positive results I venture to express my 
opimon that the treatment with bacteriophage of diseases such as, for example. 


* Tins may be attributed simply to the exhaustion of the medium The later the lysis the longer 
the normal bacteria develop exhaustmg the medium and saturatmg it with products of metabolism 
This may hinder the development of the secondary growth 
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Quart 5 



typhoid fever m men or paratyphoid infectious m mice (Topley) lacked in success 
probably because the different types of corresponding bacteiiophages were no 
recognized and the mixture of bacteiiophages used was incomplete 

After this description of the type chaiacteiistics of bacteriophage, I insist 
emphasize again the absolute necessity of studying bacteriophages only m 
cultures, of studying first of all the ‘ type chaiacters ’ and only then the mdivi ua 
character of every race This introduces a system in our studies and only a sys em 
can put in order the mass of accumulated observations Otherwise we are oun 
to get contiadictoiy and misleading results 


T\ PE-TEST 

The reciprocal compensatory action of the different types of bacteriophage o 
the secondary growth of bacteria gave us the possibility of developmg a new me 
m the study of bacteriophage This method makes it possible 

1 To determine the type of a bacteriophage culture 

2 To ascertain its purity 

3 If different types are present, to determine them 
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1 To find out whether a bacteiial cultuie is contaminated or is in symbiosis 
with bacteriophage, and to dcleimiue the type of this bacteriophage 
(ultra-purity test) 

For deteriuuiation of the tvpc of ■ bacteiiophage I developed the 
following method called ‘type-test’ In biief the technique of this test is to 
spread separately the secondary growths resistant to the standard types of 
bacteriophage and to the bacteriophage undei e vammation, and to supeiimpose 
on each spreading also separately, in diops, liltiate containing the bacteriophage 
under examination and filtrates contamuig pure-line cultures of the standard 
types 

To perform this test it is uecessaiy to have piue-lme cultmes representing all 
the types of bacteriophage known to act on the particulai bacterium If such 
standard cultures of bacteriophage are uot available the foUowmg techmque is 
recommended to obtain them — 

holalion of dandard tyjjes —Wo start with a filtrate contaimng the bacterio- 
phage or bacteriophages under investigation By repeated spreadings and isola 
tion from a single clearmg w ell separated from the others, we obtam our first 
pure-lme standard culture of bacteriophage To be sure of its purity it is better 
to make at least five successive isolations from the single clearmg, as indicated 
in Part I under ‘ Isolation of a pme-lme types ’ Aftei that the chances 
that It IS still not pure aie the same as m bacteriological work where we obtam 
by the same method of repeated isolation a standard piue culture of bacteria 
The next step is to find out whether our origmal filtrate contamed, besides that 
isolated— let us caU it Type I— another type of bacteriophage active agamst the 
same bacteria For this we inoculate a bacterial emulsion with the Type I 
already obtained When the secondary growth appears we spread it on the 
surface of agai in a Petri dish-*- Then we filter the culture of the Type I 
and superimpose a diop of it and the drop of the origmal filtrate on the surface 
where the secondary growth is spread If our origmal filtrate contamed only 


* The majonU of experimenters used for cross ttstmg inth other bactenophages, the resistant 
culture isolated from a single colony on a plating of secondary growth, and usually selected one 
which was free from bacteriophage In my opmion this procedure for our purpose (type test and its 
different uses) must be avoided Experience shows that the secondary growth which has become 
resistant, say, to the Type I bacteriophage, contams some cells which possess a natural resistance also 
to the action of the other types This is proved by the presence of resistant colonies of bactena in the 
oleamigs produced, say, by Type H on the spreadmg of growth resistant to Type I Sometimes the 
number of such colonies is considerable For example, isolatmg a colony resistant to Type I we may 
pick up one which is at the same tune resistant to the Type II Moreover, some resistant cultures, 
freed from bacteriophage, might regam their sensitivity to this bactenophage qmte soon This would 
lead us to erroneous oonclusions when usmg such a culture for type testmg Some of Bad s {loc cit , 
pp 124 125) experiments suggest it On the other hand, if the secondary culture is used in ioto, 
the action of another type is m the majority of cases quite^clear 
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one t\po of bactcnophago wliicli wc isolated in pure-line culture, we will have 
on the agai an even unbroken la)'ei of bacterial growth the secondary growth 
resistant to tlie isolated bacteriophage will bo resistant to both filtrates In 
that case I would advise using the whole original filtrate as the standard 
bacteriophage culture, and not the repeatedly’ re-isolated one by repeated 
isolation w'e can lose some of the valuable and interesting properties of that 
particular race of bacteriophage 

If on the contrary our original filtrate contained two or mote diflerent types 
of bacteriophage, the picture on agar will be — 

Growth resistant 
to the Type I. 

Type I 

Orig filtrate 


because the secondary growth is resistant only to the isolated Type I and a 
bacteriophage of another type present will act on it In that case we proceed with 
isolation of the second type from the same original filtrate For that purpose we 
plate an adequate dilution of this filtrate along with the culture on three of the 
four quadrants of a Petri dish so as to obtain discrete clearings On the fourth 
quadrant we plate the pure-line culture of the isolated Type I for comparison A 
search is made on the first three quadrants for clearings which show some diflerence 
in morphology (and not only in sue) from those of the Type I If no clearingb 
of different morphology are present, it may mean either that the agar is not 
adequate to show the morphological difl:eience oi that the other type of 
bacteriophage is present in too small numbers to show itself m this dilution 
The methods of isolation in the lattei case will be given latei in this section 
{see page 1154) and in a subsequent papei If a different clearing is found it is 
picked up into bacterial emulsion From this tube containing the newly isolated 
bacteriophage platings and repeated isolations fiom single clearings are made and 
the secondary growth after the last isolation is used for spreading Besides this 
secondary growth resistant to the newly isolated Type II, secondary growths 
resistant to Tjqie I and to both Type I and Tvpe II combined are prepared and 
spread on the agar, forming in all three veitical columns The three tubes from 
which the spreadings w-ere made are filteied=^ and the filtrates superimposed m 
drops on the spreadings If oui original filtrate contained only two types of 

* It often saves time if two tubes are prepared for each One is filtered, the other is hepfc to he 
as ate first spreadings after 24 hours do not yet give suflSoient growth on agar 
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bactenopliago and we liivc succeeded in (he isolation of the second one, the 
picture on agar will be — 

Growth resistant to types 




I 

II 

I + II 


1 


0 


Filliales 

11 

o 




.1 + 11 

o 

0 


Ong 

filtrate 

o 

o 



We see here the reciprocal action of our two types on their secondary growths 
and that the original filtrate and the secondarj growth resistant to it behave bke a 
mixture of Type I and Tvpe II only Type II present in the original filtrate acts on 
the secondary growth of Type I, and Type I also present there acts on the secondary 
growth of Type II If, on the contrary, our original filtrate contained more than 
two types wo will have — 

Growth resistant to types 


Filtrates 


1 


II 

l i + ii 

Ong filtrate 


I 

II 

I + II 


o 


o 



o 

o 


o 

o 

o 


The clearmg on the secondary growth resistant to both Types I and II denotes 
the presence of a third type in the original filtrate In such a case we proceed 
again with plating of the filtrate along with the tw o isolated bacteriophages, trying 
to find the third type— and so on 

When examinmg a new filtrate where we suspect the presence of a new type of 
bacteriophage we proceed m exactly the same manner as described, spreading the 
secondary growths resistant to the pure types already obtained along with that 
resistant to all of them together It is of advantage m that case to spread 
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also the g^o^\ til lesistaiit to the ^\hole filtrate as that ran give direct indications 
of the types pieseiit and ahead) known to us Foi instance, if we are alreadym 
possession of tliiee types of bacteiiophnge and the filtrate under investigation 
contains no new types but only Type IT, we will have — 


Filtrates 


I 

II 

III 

1 1 + 11 -fill 
New filt. 


Growth resistant to 

II III I -f II fill New filt 



0 

o 


0 

0 


o 



0 

o 



0 

o 

O 

o 


0 

o 


o 




hereas if a new Type IV is also present, the new filtrate will produce a clearing 
on II and on the I -j- II -f- III secondary growth 

The type-test is performed in a similar rvay As an example I will take again 
the case of choleraphage At present we know already five types of choleraphage 
Brrt to simplify the explanations of the technique I will take into consideration 
only three types Ch^A, Ch<^B and Ch^C, only occasionally referrmg to the other 
two types also More types mean only more test-tubes and more spreadings 
the prmciple remains the same In the tables I have given the results of using 
all five types 

The type-test proper — To determine the type of bacteiiophage present, or to 
ascertain the purity of a bacteriophage culture, or in the case of a mixture, to deter- 
mine the types of bacteriophage present — 

(1) Take four tubes containing emulsion of cholera vibrio in broth, inoculate 
three of them with our three standard pu’e-t^pe bacteriophages separately and 
the fourth with the filtrate under investigation 

(2) V hen the secondary growth appears in these tubes, spread it from 
each tube separately on the surface of agar in a Petri dish in four vertical 
columns 

(3) Filter all four tubes {see footnote on page 1140) Place a diop of each 
filtrate on every secondary growth spread, in four horizontal rows. 
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Reading the lesults — Next clay, after incubation, ^hen the growth of resistant 
vibiios has appeared on the agai, ^^e will see (a) on the secondary growth resis 
tant to Ch<^A clearings on the spaces where the drops of filtrates contaming Ch^B 
and Ch<f>C weio placed, (6) on the secondary growth resistant to Ch^B clearings 
produced by Ch^A and Ch<?>C, and (c) on the secondary growth of Ch'f>C clearings 
produced by Ch<f)A and Ch<f)B 

If we now study the fourth column of the secondary growth resistant to the 
bacteriophage imdei investigation, we find that — 

1 If the bacteriophage undei investigation ■nas a pure culture of one type, 
only two of the standaid types of bacteriophage will produce elearmgs on it thus 

{a) If it was Ch^A, Ch<f)B and Ch<f)C w'lll give clearings and not ChM 

(6) If it was Ch<f)B, clearings will be produced by ChqSA and Ch<f>C and 
not by Ch<f>B, — and so on 

The diagnosis is confirmed by observation of the action of the filtrate of the 
bacteriophage under investigation on the secondary growth of the standard types 
(the bottom row) If the filtrate under investigation contains only one type of 
bacteriophage it will act on the secondary growths of the two standard types only 
Thus, if it was ChqbA, it will produce clearings on the secondary growths of the 
standard CluAB and Ch^C and not on the standard Ch^A — its own type 

2 If the filtrate under investigation is a mixture of two or more bacterio- 
phages, it IS obvious that it will produce clearings on all the standard secondary 
growths The types which this mixture contains will be recogmzed by the action 
of the standard bacteriophages on the secondary growth of the mixture under 
investigation only bacteriophages of types not present in the mixture w'ould be 
able to produce the clearings If the mixture contains all the types, none of the 
standard bacteriophages will act on it 

Some of the combinations are shown in Plates LIII and LIV using three 
types of bacteriophage and Plate LII, fig 13, and Table I usmg all five types 

ShoH-cut method of the type-test — ^For a short-cut method the prmciple of 
determination of the presence of bacteiiophage and of the type to which it belongs 
by examination of the resistance of the secondaiy giowth to the standard types, 
can be used when it is necessary to examine a laige number of filtiates In that 
case a large amount of filtrate — say 5 c c — is moculated mto 20 c c of broth with 
a small amount of a ultra-pure sensitive culture — 0 5 to 1 c c of 16 houis old growth 
in broth or peptone water After incubation, when there is sufficient secondary 
growth, it IS spread on the surface of agar and on it the all available standaid 
types of bacteriophage are deposited in drops The standard types which do not 
act on this secondary culture indicate the types of bacteriophage present m the 
filtrate However, I strongly advise not relying upon this short-cut method 
absolutely but, before final selection of the races of bacteriophage for work, to 
control them by means of the standaid type-test 
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The technique with bacteriophages othcj llnu choleraphage will be the 
same The second iry growths resist int to the a\ iilable types are to bespread 
along with the growth resistant to the bach i lophage or bacteriophages under 
investigation, and tJieir filtrates suporinipos< d on all of them If we are 
not sure that we possess all the types of bacteriophage active against the 
bacterium we are working with, it is lu cessarv to spread also along with the 
others the growth resist int to all the available types together only then 
can a new as yet undiscovered type reveal its presence by acting on this 
growth The easier way to prepaie such a combined resistant growth is 



not to inoculate a normal emulsion of bacteria with the mixture of bacterio- 
phages, but to obtain first the resistant growth to the single types and then 
to mix one c c of each in 20 c c of broth A partial lysis will follow, then tur- 
bidity will start to increase If a spreading on agar does not show sufiicient 
growth, this can be improved by one or two transfers of 1 c c m 20 c c of broth 
With some bacteriophages, e g , dysenteryphages, not only is it difficult to obtam 
a growth resistant to all the types available but it is even difficult to obtam one 
resistant to some of the single types I would m this case recommend the use 
of a very large amount of broth — 1 to 2 litres The proportion of bacteria 
and bacteriophage can be arranged so that the lysis appear considerably later 
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and bcictou.i continue to giow longer As in this case we bring into play 
a aigei numbci of bacteiia, ne have more chance of finding amongst them 
a bacteiium n Inch will oftoi lesistance to the bacteriophage and grow, foimma 
the secondaiy resistant growth The alteuiative will be to use instead of 

t is type-test the seiuin type-test whicli will be described in a subsequent 
paper ^ 

I lecommend making the spreadings in tlie following w ay With a glass pencil 
a square is drawn on the back of the Petii dish This square is divided mto the 
necessary numbei of vertical columns and horizontal rows To make it neatly, 
I recommend the use of a square glass stencil, on the sides of which are marked 
difterent divisions— thuds and sixths, fourths and fifths (see Text-figure) For 
a 12 cm Petri dish a squaie of 7 5 cm is convenient The spreading of 
the ciiltuie is made with a spreadei ’ — a large flat perpendicular loop, bent 
conveniently so as to make the spreadings under the partly lifted cover of 
the dish [Plate XL VIII, fig n (facmg page 1118) and Plate LR^ fig 21] 
ihe spreadei is made by bending the nichrom wire round a metal plate 10 
mm to 12 mm large and 1 mm thick' 


Ultra-purity test for bacterial cultures 

Many authors have described the so-called ‘lysogenic cultures’, le, 
cu tures which reveal the lytic action if brought into contact with another 
s ram of bacteria sensitive to the action of bacteriophage Theories have 
^ een propounded, explaining the origin of bacteriophage m this case as 
micro 1 C antagomsm , ascribing the appearance of bacteriophage not to its 
presence in the lysogenic culture’ but to the peculiar action of that culture 
on anot ^ Such theories were foiced into existence by the drfiiculty of 
P f e presence of bacteriophage in the ‘ lysogenic culture ’ without 

V mto ^direct contact with a ciiltuie sensitive to the action of 
fL ^ believe that bacteriophage can be so closely associated 

til (sometimes probably, as d’Herelle insists, even living in symbiosis 

ese acteiia) that it cannot be revealed by simple filtration of broth 
, ^ culture IS brought into contact with bacteria sensitive 

op aj,e action, bacteriophage contanunating the ‘ lysogenic culture ’ will 
0 propagate on these bacteria, imitatmg the ‘ microbic antagonism ’ 

, J caded and drastic methods — ^not always successful — have been devised 

sensitive cultiue^^*^^^^^^ ^ ‘ lysogenic cultures ’ without mtioducing a 


my desiga by Loa spreaders was made after 

emie, 28 bis rue Cardmal Lamoine, Pans 
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Accepting the living nature of bactenopli igi , we iKo accept d’Herelle’s inter- 
pretation of tlie natiiie of the ‘ 1} bogeiiic cuUiiie-, ’ tliey are ciiltiues contaminated 
with bicteriopli ige, or symbiotic ciiltuies of bitt(iia bacteiiopliage In the last 
case bacteiiopliage may be particululy ilosdv associated with the bacteiial cell 
and it vould be dillicult to separate it b} oidimiv means Such cultures will be 
ictuilly nothing else but the second iiy grovtli, lesistant to the action of bacterio- 
phage coiitamm iting it, as well lb to ill b ictcriophages belonging to the same 
type \s the coutumiuating one If, as soiwit vines happens this cnltnie is still 
sensitive to b icteiiophage of the same tipe it is due to cxtiemely low virulence 
of the coiit imin iting bacteriophage on the one hand and on the other to the high 
virulence of the b icteiiophage so found sensitive But such a culture will 
be always sensitive to bacteriophages of othei types Then, by means of such 
hactenoph ige we can easily disiiitcgiatc bacterial cells, lyse them, and libeiate the 
contaminating bacteiiopliage 

lYith this idea 111 mind I h ive devised the following technique for discover- 
ing the bacteriophage contaminating or living m simbiosis with a bacterial 
culture — 

Experience shows that very seldom, if evei, is a culture contaminated with 
two difieieut tjpes of bacteiiopliage Therefore it is enough to tiy and lyse the 
suspected culture with any two types of bacteriophage active against such a culture 
But to be on the safe side I would advise using at least three different types This 
will provide additional evidence as to the type of contaminating bacteriophage 
The races of bacteriophage used should pieferablv beot good activity acting 
rapidly 

Technique — To four tubes with 20 c c of broth aie added, say, one c c each 
of the cultuie under investigation Three of them are inoculated separately with 
the three chosen types of bacteiiopliage The fourth tube is left to grow without 
the addition of bacteriophage The tubes are exammed every half hour and 
each of them is filtered as soon as the lysis reaches its maximum The tube 
without additional bacteriophage is filtered at the same time as the tube last 
to be lysed Each filtrate is transferred zn toto into a flask with 50 c c of broth 
and to which is added 2 c c of a sensitive culture of coiiesponding bacteria 
known to be ultrapure The flasks are left untd secondary growth appears 
when a test based on the same principle as the type-test is made with aU 
of them 

As an example I will take again the case of a cholera culture, contammated, 
as happens m great majority of cases, with Ch^A, and m which the contammating 
bacteriophage cannot be discovered by orebnary means All the secondary growths, 
including that of the flask without additional bacteriophage, are spread on the 
surface of the agai in vertical columns along with a normal sensitive culture On 
each column a drop of the same three standard types of bacteriophage, as well as 
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the filtrate of the culture growir without added bacteriophage, is superimposed 
The result after incubation will be — 


’A 

Standard bacterio-. g 
phages. 

C 

Filtrate of investigated 
culture. 

* A cleaniiq will appear hero if the contaminating bacteriophage is of 
a \ory low virulonco 

t A clearing will appear here if the contammatmg bacteriophage ivas 
not too closely associated nith the culture and could be found free 
in the ambiant liquid uithout bacterial cells being lysed by 
another bacteriophage 

Tlie absence of the action of the standard Ch^A on all three secondary 
growths indicates the presence of the Ch^A, contaminating the culture under 
examination 

The test in the arrangement described is designed to meet possible objections 
by the advocates of the theory of ‘ microbic antagomsm ’ and ‘ lysogemc cultures 
As we are convinced that the ‘ antagomsm ’ is produced by the contammating 
bacteriophage, our routine test for ultia-puiity is more simple 

S’ our tubes with the bacterial emulsion under mvestigation — (one c c of 16 
hours’ old culture in broth or peptone water to 20 c c of broth) — are prepared, and 
three of them are inoculated with three different types of virulent bacteriophages, 
to the fourth being added 0 5 c c of known ultia-pure and sensitive culture After 
three hours to the three tubes inoculated with bacteriophages is also added 0 6 c c 
of the ultra-pure sensitive strain to provide the ‘ food ’ for the bacteriophage 
possibly liberated After 24 or 48 hours, when the secondary growth appears m 
the first three tubes it is spread on the agar as m the type-test, along wit 
the known ultra-pure stram The standard suspensions of all five types o 
bacteriophage and the filtrate from the fourth tube (culture under investigation 
plus ultra-pure strain) are deposited on each spreadmg To make sure that we 
do not miss the hberated bacteriophage, if it is present m smaU numbers, the 


Secondary growth of gated Normal 

(A)-}-A (A)-j-B (A)-f-C culture 





' 

0 

o 


0 

0 

0 

o 

0 


0 

0 
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tubes can be filtered and one transfer made on tbc sensitive ultra-pure stram, 
using one c c of the filtrate Then the secondary growths from these tubes are used 
for the test The result, if we take the same example, will be — 


Secondary growth of Investigated Normal 

(A) 1- A (A) 1 B (A) 1 C culture culture 


A 





0 

B 

O 


o 

o 

0 

C 

o 

0 
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o 

D 

o 

0 

o 

O 

o 

E 

0 

o 

o 

o 

o 

Culture 

filtrate 





•j! 


* Here the oloaring will appear only if the contaminating bacteriophage is easily 
separated from the culture under examination 


The normal growth and the filtrate without added bacteriophage aie used 
only to see to what extent the contaminating bacteriophage was associated with 
bacteria, and whether it would be possible or not to detect it without preliminary 
lysis by other bacteriophages to liberate it 

One-type-sensitive cultures 

The further logical development of the same prmciple was to obtain what we 
call ‘ One-Type-Sensitive Culture ’ or ‘ Mmus One-Type Secondary Growths ’ As 
the name suggests, these cultures are prepared by inoculating a normal bacteiinl 
emulsion with all the available standard types of bacteriophage iiut one 'L'he 
secondary growth resultmg will be sensitive only to that mmsiiig typo (Plato LV, 
fig 22) By usmg this culture for plating of a mixture of diftcicnt typos of bacterio- 
phage we hoped to be able to count separately the number of corpuscles of each 
type of bacteriophage present Experience showed that this method has no prac- 
tical value In the section on platmg and countmg of bacteriophage corpuscles 
I have already mentioned the influence of the culture on the number of clearmgs 
appearing and the rmpossibihty of detemumng the actual number of bacterio- 
phage corpuscles When usmg for platmg the ‘ 0ne-T3fpe-Sensitive ’ (OTS) 
cultures this influence on the number of clearmgs appearing is atfll more pronounced 
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than in the case of oiclinary cultuics For instance, if we prepare ‘ Only C Sen- 
sitive ’ cultiiie (‘ oCs ’ — culture resistant to all types of choleraphage with exception 
of the Type C) and use it foi tlic plating of a suspension of Ch^C corpuscles, using 
a noimal smooth-iough culture of choleia vibrio as a control, we may obtain ten 
times more dealings on ‘ oCs ’ than on the normal Besides this, the difference 
vanes with each ‘ OTS ’ culture prepared (Plate LV, figs 23 to 25) 

However, the ‘ OTS ’ cultures pioved to be veiy useful m other ways in the 
investigation of bacteiiophage 

Foi cholera work we found the following method to be the best for obtaming 
‘ OTS ’ cultiues Tubes of noimal cholera emulsion aie inoculated separately 
with each standaid type of choleiaphage available M hen the secondary growths 
appear mix trues of them are made so as to obtain combinations of secondary grow ths 
of all types minus one Thus, for example, for ‘ oAs ’ we combine the secondary 
growth of choleraphages B, C, D and E , for ‘ oBs ’, choleiaphages A, C, D and E, 
and so on The mixture is made by adding 1 cc of each culture to 20 cc of broth 
There will be a partial lysis followed by the ‘ tertiary ’ growth, wdiich will be sen- 
sitive only to the missing type For keeping these cultures are better transferred 
on agar slopes If the growth on agar is poor, one more transfer will improve it 
In this case it is advisable to cover the surface of agar, before seeding it with the 
culture, with a corresponding mixture of bacteriophages, that is to say ‘ minus one 
type ’ mixture On these slopes the ‘ OTS ’ ciiltmes can be kept for about a 
fortmght, when it becomes advisable to prepare a fresh set, as on longer standing 
they have a tendency to become partially resistant to the missing type also This 
is particularly pronounced with cultures in broth Success in the preparation of 
these ‘ OTS ’ cultiues depend on the quality of the strain of bacteria used some 
strains are particularly good for the purpose, giving clear-cut results, while some 
are quite unsmtable Therefore I would advise trying at least six different strains 
(of different periods of isolation, different degi ees of S-K dissociation, — and so on), 
and using only one which gives clear-cut results with all types of bacteriophage 

For use 20 c c of broth is comparatively heavily seeded from the agar slant 
The growth can be used after a short incubation of some 4 to 8 hours and is still good 
after 48 hours After this it is better to renew it To perform various tests possible 
the ‘ OTS ’ cultiues are spread by means of the ‘ spreader ’ [Plate XLVIII, fig 11> 
(facmg page 1118)] m vertical columns on an agar srufaee m a large Petri dish, 
and drops of the filtrates under investigation are deposited on them 

In this way the ‘ OTS ’ cultures can be used for a short-cut method of determi- 
nation of the types of bacteriophages present m a filtrate Table II gives the 
results which are obtained with filtrates contaimng the five choleraphages and the 
twenty possible combinations of mixtures However, usmg this method it is easy 
to miss a bacteriophage if it is present in small numbers, theoretically m less than 
one m each drop Therefore this method is not to be relied upon absolutely £_ 
















Plate IjV 




Fig 24 Control plating of pure Ch^C with normal 
* oA 3 ‘ oBa ’ and ‘ oCa ’ eulturea The ‘ oCa ’ culture 
shows many tunes more clearings with the same dilution 
of Ch 0 G than the normal culture 



Fig 23 Control plating of pure Ci^B luth 
normal ‘ o As ‘ oBa ’ and ‘ oCs ’ cultures The'oAs’ 
and ‘ oCs ’ cultures do not allow Cb^B to develop 
clearings, while ‘ oBs ’ culture in the same dilution of 
bacteriophage suspension shows more than twice tlie 
number of clearings as co iipared with normal culture 



Fig 2o Separate counting of bacteriophag 
puseles belonging to different types in a 
bacteriophages, by means of ‘ One Type Sensitive 
The right lower quadrant plating of Ch^ABO 
w ith normal culture The same dilution of the 
plated with ‘ oBs culture gives about ten tiui 
clearmgs than with normal 
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Tawl II 
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The ‘ OTS ’ cultiues can be nsed also as an additional test for ultra-purity of 
bacteiial stiains Foi this the tubes (see page 1149) with secondary growth are 
filtered and drops of the filtrates are deposited on the ‘ OTS ’ spreadings If, for 
instance, the culture was contaminated "with Ch^A, we will have — 




oAs 

oBs 

oCs 

oDs 

oEs 


' (A) + A 

O 





Filtrates 

(A)+B 
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O 





(A) -f C 
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Culture alone 

k 






* Hero the clearing will appear only if the con- 
taminating baotenopbage is easily separated from 
the culture under investigation 


As I have mentioned in the section dealing with isolation of standard types of 
bacteriophage {see p 1140) we can meet a case where the ordinary plating of a 
mixture of bacteriophage will not reveal clearings of one of the types if it is present 
in small numbers, as it will be overgrown by the other bacteriophages present 
The ‘ OTS ’ cultures sometimes can help us out of this difficulty 

Taking again the example of choleraphage. suppose that the type-test indi- 
cated the presence in our filtrate* of two types, Ch^B and Ch<^E, while on the 
platings we are able to find the clearings of Ch<^B only In this case let us take the 
‘ oEs ’ culture, spread it in the usual way on agar, mcubate for one hour and then 
deposit a large drop of our B-J-E mixture on it Next day there w^ill be a large 
clearing produced, of course, only by Ch^E, but containing all other bacterio- 
phages If we now scrape the centre ot this clearing with the loop, and wash it into 
an emulsion of normal cholera vibrio, and ‘ spread it immediately ’ (direct, and 
dilutions bke ‘ si ’ and ‘ bl ’) we will have clearings of Ch<^E predominating and it 
will be not difficult to pick them up and purify by repeated plating and isolation 
The use of the ‘ OTS ’ cultures was independently developed by Morison and 
Vardon (1930) in combination with the dilution method for the enumeration of 
corpuscles of difierent types of Ch<^ present m a mixture of types For the reasons 
stated on page 1152 we abandoned this method altogether 

Discussion 

Many observations, though not pursued systematically enough to be pub- 
lished, make me certain that the principles of classification introduced here, and 
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true for cholera and dysenteiy bactciioph icji s, are equally applicable to any other 
bactenoph igc But one must bo icasouabh and not attempt to apply these 
principles in uses where they aie unsiiitiblc In the suggested classification 
of b ictcnophage I have arranged them in accordance with a system based on then 
action on bacteria Therefore this system depends fiist of all on the bacteria them- 
selves possessing definitely known and stable chaiacteis In the case of cholera 
vibrios, which aic to a consideiabe extent a homogeneous species, classification of 
bacteriophages presents a clear-cut s}stem In the case of dyseuteryphages ne 
may experience difficulties on account of the considerable variations amongst the 
dysentery organisms themselves The clear-cut results obtained in the classifi- 
cation of bactciiophages by means of B jlexne) may appear irregular if for the 
same group of b icteriophages we use some atypical strain of dysentery bacilb In 
the case of B coli, where each stram presents some peculiarities, our typing of 
bacteriophages will be true m lespect of the action of our bacteriophages perhaps 
only on that particular stram, and there might arise on this account a temptation 
to doubt the value of the suggested svstem But such a doubt does not seem 
logical For every system which introduces older m oui knowledge, we must 
adopt a basis which m itself is not subject to variation, as no successful system can 
be based on an unstable foundation In the case of cob phages we cannot introduce 
a systematic classification based on their action on secondary growth, because 
B coh themselves cannot be classified To bacteriophage every strain is actually 
a nutrient medium on which it develops And as m bacteriology, when we want 
to arrange a group of bacteria in a system based, for example on the appearance 
of growth, we must use throughout a medium of the same composition, so in the 
study of bacteiiophage we must use bacteria, which at least do not differ widely 
one from another If in the case of cholera the diffeience between the strams of 
vibrios is comparable to that between different batches of ordinary nutrient 
agar, in the case of B coh one stram may differ from another as much as ordinary 
agar differs from a potato slant 

Fortunately, for classification of bacteriophages, besides their action on secon- 
dary growths another method is available which defimtely supports the first the 
classification of bacteriophages by means of their antigenic value The use of 
bacteriophage anti-serum supports the first classification, proves its soundness, 
and, incidentally, can solve the difficulty when the first method leaves the possibi- 
lity of doubt 

It has been suggested to me that the types of bacteriophage represent 
only passmg mutations of one and the same bacteriophage, i e , that the 
type characteristics are not fixed properties It is impossible m the present 
state of oui technique and knowledge either to disprove or to confirm this 
definitely, but it is rather suggestive that during 4 years of daily experimentation 
first with three types of choleraphage, then with five, and with eight types 
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of dysenterypliage, submitting them to the influence of different conditions, 
I have nevei yet seen the tiansition of one type of bacteriophage into another 
Those characteis of each lace of bacteiiophage which are not permanent type 
chaiacteiistics change fieely, and each race shows considerable capacity for 
vaiiatioii, but only withm ceitain limits, nevei breakmg outside the type to 
which it belongs 

Howevei, I am quite piepared to meet bacteriophage races which eventually 
may have to be called ‘ atypical i o , which cannot be classified as belonging to 
one of the lecoguized types, whose type chaiacteristics will not possess all the 
ciiteiia of any one type The existence of such laces of bacteiiophage is not only 
possible and piobable, but inevitable They will be exceptions confirming the 
lule 

Oui classifications of living beings aie based on observation of then proper- 
ties hen sufiicient evidence has been collected, we take into consideration only 
properties common to a considerable piopoition of the oigamsms under study and 
arrange them in groups of common properties m accordance therewith, so arriving 
at rules of classification But every living being is subject to the constant process 
of adaptation and therefore of vaiiation, and we are bound to meet individuals 
whose properties will not conform strictly to the rules of classification true for the 
majority As Beard (1931) rightly remarks, ‘Every systematist is confronted 
with borderline ty'^pes, the position of which in any scheme of classification is entuely 
arbitrary ’ 

The suggested pimciple of classification and technique of determination of the 
types of bacteriophage provides us with a method giving clear-cut readings In 
fact, determination of the types of bacteriophage is more definite and unequivocal 
than determination of bacteria 

It seems to me that whichever point of view on the natme of bacteriophage 
an investigator maintains, whether he accepts its living nature or not, he may with 
advantage accept the suggested classification for its evident practical value 
Whether there are different types of Pwtohios hacteno'phagiis or diflerent lydic 
principles the important truth is that the diffeience exists and cannot be dis- 
regarded I have adduced sufiicient evidence to warrant the conclusion that tins 
difference is not accidental but falls into a definite system If we disregard 
this difierence, throwing all bacteriophages into an indefinite mass as ‘ a bacterio- 
phage ’, our work will lack system, oui experiments will become random, and 
oui conclusions will be lacking m certainty 


Summary 

A system of classification of bacteriophages, based on their reciprocal com- 
pensatory action on bacterial cultures, is suggested 
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A method, called Typc-Tetit, is dcscnlMd irning the possibility (1) of deter- 
miumg the type of bacteiiophagc, (2) of I'-i it uuimi the piintj of a bacteriophage 
culture, (3) of ideiitifMiig the diffcieiit tr pt pit sent nia mixtiue, and (4) of testing 
bacterial cultures for the presence of batte uopli ige (Ultia-purity Test) 

The use of bacterial cultuies sensitive to om onh of the types of bacteriophage 
IS described 

The sigmficrnce and the value of tlu su-tgisted classihcation is discussed 
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Virulence is one of tLe most misused terms m biology m general and in 
connection with bactenophage in particular In general it is often confused with 
tozicity the reference, for instance, to ‘ virulence ’ of cholera vibrio (which we 
have no means to determine), meamng its capability to kill an experimental animal, 
IS not seldom met with In connection with bacteriophage no one. with the 
exception of d’Herelle, has even given a definition of the term, and in pubhcations 
which have appeared virulence has been confused with the activity of bacteriophage 
suspension, with the number of corpuscles, with lytic power, etc 

Before proceeding to discuss the virulence of bacteriophage we must first of all 
agree on a clear defimtion of the term The defimtion which d Herelle (1926) gives 

( 1169 ) 
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m his book runs as follows ‘ the vmileuce is the power to develop witlun and at 
the expense of tlie host, and we consider the degree of vmilence to be the higher as 
this development is nioie lapidh or, more shortly, further on ‘the power of 
multiplication in a foieign host ’ It seems to me that the definition in case of 
bacteiiophage can better be phrased as follows the iiiulence of bacteriophage is 
its power to develop wnthin and at the expense of bacteiia, causing their destruction 
The degree of virulence is consideied thehighei as multiplication and the destruction 
are the moie rapid 

However, it is necessaiy to admit that both defimtioiis are far from being 
exhaustive The problem of virulence is so complex that we hardly can be expected 
to give a satisfactory definition in one or two sentences The definition given does 
not take into account the scope, range and extension of bacteriophage action Tor 
instance, we can have a bacteriophage multiplying veiy rapidly, quickly destroying 
bacteria, but attacking only a certain pait of the culture and leaving a considerable 
number of bacterial cells present untouched Or we can have bacteriophage acting 
slowly but which can attack a much larger proportion of the culture or of varieties 
of the same species of bacteria In the fiist case we will have a quick lysis followed 
quickly by secondary growth, in the second a slower lysis and a latei secondary 
growth Which of these bacteriophages is the more virulent ^ From this example 
it can be seen how difficult it is not only to formulate a satisfactory and complete 
definition of virulence but even to find a definite criterium of virulence At the 
present state of our knowledge on bacteriophage I consider it preferable not to 
complicate the problem but to be satisfied with the suggested definition of 
the virulence of bacteriophage as the power to destroy bacteria, dependmg 
on the rapidity of multiplication of the former at the expense of the 
lattei 

There is evidently considerable confusion as to whether this powei belongs to 
the corpuscle or to the whole suspension of these corpuscles Both the above 
definitions imply that the virulence of bacteriophage is an individual mtrmsic power 
belongmg to the bacteriophage corpuscle , its property, one of its mam characteristics 
The sum of this characteristic for all corpuscles present indicates the virulence of 
the race To attribute virulence to th e whole suspension containmg these corpuscles, 
in our point of view, is to confuse virulence of bacteiiophage with activity of the 
suspension, which can be varied at will without afl:ecting the actual vmdence, by 
altering the number of corpuscles, for instance, by dilution This error seems to be 
quite common and has led to faulty comprehension and faulty methods of estimation 
of the virulence of bacteriophage 

Two methods have been suggested for estimation of the virulence of bacterio- 
phage One IS to judge virulence by rapidity and permanency of lysis of bacterial 
culture, the other by enumeration of bacteriophage corpuscles present Both 
methods seem to me madequate for the purpose 
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In the first instance \\c mu‘'t take into lonsukrition the complexity of the 
phcnoinenoii of Ijsis On the one hand, since Stiin (1929) pioved the production 
of tlie lybins by bacttiioph ige, i\c must take into tonsideration that the liberated 
lysms can destroi fico bictciia, i e , those k lls which aic not actually paiasitized 
by b icteriophage coipuscles The fact tint we do not yet know how far the 
destruction goes wlutlier the free bactciial ceils aie onl> hilled oi also lysed (how 
fai still moie complicates oiii speculation on the point Approaching the pheno- 
menon of lysis from such i point of view ue nii\ considei the races of bacteriophage 
producing the larger amounts of l}sms not so much virulent as toxic We cannot 
call such races ‘ more ]}tic ’ because, as I have said we do not know how far the 
action of free Ivsiiis cm go, and such tenm ma\ mtioduce a fuither confusion into 
oui obseications In the case where fice hsins do not produce complete hsis of 
the bactciial cell, but still render it unsuitable foi bacteiiopliage to parasitize, we 
mil have a paradoxical phenomenon, that a lacc of bacteriophase producing a 
larger quant it} of free lysms* may piodiice le‘^s visible lysis of a culture m a test-tube 
The experimental evidence seems to support the last possibility I have noticed on 
mail} occasions th.it the races of bactcriophige which give clearings with large lytic 
(containing no bacteriophage) zones, usually produce a poorer lysis than bacterio- 
phages giving clear-cut clcaiiugs without zones It means that the Ivsms can 
actually check the multiplication of bacteriophage On the other hand, since the 
lysms arc destroying bacteiia, oui reqiiiiements for virulence — the rapidity of 
destruction, as mentioned in oui definition of it — are fulfilled, and the race of 
bacteriophage giving onh a paitial lysis may still be qmte virulent In view' of 
such confusing evidence it seems to me that it would be bettei if we try and find 
some simpler and more definite way of judging the virulence of bacteriophage 
than that of estimation of the degree of lysis in a test-tube 

Besides, up to the present, in estimating the virulence of bacteriophage by its 
lytic action, so far as I know, no one has yet taken into consideration the relative 
and absolute numbers of bacteriophage corpuscles and bacteria brought together 
It has always been defimte quantities of bacteriophage suspension as opposed to 
definite number of corpuscles that have been used If we analyse the conditions, 
which arise from such a method we can easily see that virulence cannot be 
estimated in this way If we inoculate two identical emulsions with equal quanti- 
ties of two suspensions of bacteriophage, the virulence of which we intend to 
compare, and observe that the first tube is lysed in 2 hours and the second in 3, we 
will conclude that the bacteriophage added to the second tube is less virulent than 
that added to the first But it may easily be that the first suspension of bacterio- 
phage contained a thousand times more bacteriophage corpuscles than the second. 


* There is a temptation to introduce the terms endo and exolysins, but there is already so much 
confusion about the process itself and its terminology that I prefer to refram from using these 
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of lowci vuulcnce, the gicatoi of the l>sis being due only to the gieater 

numbei of coipuscles It can be aiguod that tlie smallei number of coipiiscles 
is in itself an indication of lower vuulcnce ]?aithei on wc will see that expeiimeiit 
proves that quite often the opposite is true, and therefore this argument cannot he 
accepted Moreover, so many conditions influence the final mnnber of corpuscles 
that it cannot be accepted as evidence for any pin pose Also, if we use such a 
method of estimation of virulence as described, wc must arrive at the conclusion 
that by diluting a suspension of bacteriophage wc wull diminish its Miulence, which 
IS obviously wrong By using equal amounts of bacteriophage suspension against 
identical emulsions of bactciia we can compare only the activity of suspensions, 
but not the virulence of bacteriophage 

The method of comparing the virulence of bacteriophage by enumeration 
of corpuscles present in twm suspensions, even obtained under identical conditions, 
IS also, in my view, quite eiioneous Quite often we find m the literature on 
bacteriophage the statement that ‘ tw'o bacteriophages were used, one of a low 
virulence, showing the presence of bacteriophage only m 10—® dilution, the other 
very virulent, showung the presence of bacteriophage even in 10— dilution' 
This IS a defimte confusion of the numbei of corpuscles with their individual 
value d’Herellc (1926, p 149) states, ‘ If we inoculate a senes of tubes contaiiiing 
identical suspensions of a susceptible bacterium w'lth equal qiianliiies (itahcs are 
mine — I N A ) of bacteriophage suspensions derived from difterent soruces, we 
will find, after a given time, the conditions throughout being the same, that the 
resulting bacteriophage suspensions wull each contain a difterent numbei of 
corpuscles These numbers will be strictly proportional to the virulence of 
difterent bacteriophages ’ As we will see later, the resulting number of bacterio- 
phage corpuscles w'lll be difterent wuth different races of bacteriophage even if we 
inoculate the identical bacterial emulsions wuth equal numbers of bacteriophage 
corpuscles But m both cases the resulting numbei will not be proportional to 
the vuulence and often it may even be inversely proportional to it 

Indeed, what does the final numbei of corpuscles of bacteriophage depend 
on ^ — (1) On the generation period of bacteriophage, which is an individual pioperty 
of the bacteriophage corpuscles, the shorter it is the more generations will be 
produced in the same period of time, (2) on the number of coipusles produced 
from one corpuscle at each generation , the larger it is the gieater will be the 
resulting total number of corpuscles, and (3) on the total number of bacterial cells 
available for propagation of bacteriophage, from the beginning until all have been 
destroyed or then further development arrested by the condition of the medium 
On the other hand, what is the virulence characterized by ^ By the two 
first of the factors ]ust mentioned — generation period and the number of corpuscles 
produced at each generation And were it not foi the last factor mentioned (the 
number of bacteria available for bacteriophage through the whole period of action) 




Platc LVI 



JTig 1 Different types o£ Sliiga phage The 
most virulent is VI, the least — VII 


Tjg 2 Arrangement for 
filling small number of 
ampoules 



Fig 3 The ‘secondary clearings’ A heavy emulsion of Ch vibrio was 
spread on agar Over it Ch<^B was deposited m a stripe The transparent 
part IS secondary growth iSoiue of the bacteriophages succeeded to overcome its 
resistance and produced the ‘ secondary clearings ’ 
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tlie fiinl number of coipusclcs obtnmofl w )nkl as the tiue inchcator of 

Mrulonce But if we aiul}se wint Kfinli\ Itippens in the test-tube m winch 
we grow bicteiiopliage to lie eMinuiefl tci Miulotue, we will see that the final 
mimbei of coipiiscles does not depend on tin \uuleueo and cannot be directly 
propoitionate to it 

Let us take for example a vciy vmilcnt hieteiiophage and one of a medium 
\irulence We inoculate two identical bai t<inl emulsions, with an equal number 
of each bacteiioplnge » The fiist bacteiioplnge will destroy all available bacteria, 
say m 2 hours , the second m six boms In which case will the total numbei of 
bacteria destio) ed be the gieatcr ^ Undoulitecllv in the second Theiefoie it 
can easily happen tint, though the geneiation peiiocl of the weaker bacterio- 
phage IS longer and the number of coipusclcs produced at each geneiation is 
smallci, the second bacteriophage developing considerablj longei its resulting 
nuinbei of corpuscles can easily exceed that of the first (virulent) bacteriophage 
This IS what aciialU often happens If w'c, for instance, inoculate two identical 
emulsions of lougli-smootli clioleia vibrio with equal number of Ch<f>A and Ch<f>C, 
in the majority of cases we will obtain a considerably larger number of corpuscles 
with the low virulent Ch<f)C (See Chart and Tables I and II — vide inf) a ) 

In general, taking into account the complexity of the course of the develop- 
ment of bacteriophage, influenced as it is by so many factors, it is easy to see that 
the final numbei of bacteriophage corpuscles under no condition can serve as an 
indication of the virulence of the bacteriophage corpuscle 

Another suggestion by d’Herelle that the size of the clearings produced by 
bacteriophage is proportionate to the virulence is not supported by experiment 
On Plate LVI, fig 1, four diflferent types of Shiga-phage are shown The most 
virulent of them is Type VI giving the smallest clearings, the least virulent is Type 
VII giving the largest clearings 

What then will be the more correct approach to the solution of the problem of 
estimation of bacteriophage virulence * Prom the definition of bacteriophage 
virulence we can conclude that it can be evaluated by the rapidity with which 
bacteria are destroyed and by the rapidity of the multiplication of bacteriophage 
Theoretically the fiist (the rate of destruction of bacteria) would seem to be 
sufficient if one bacteriophage destroys bacteria quicker than the other, evi- 
dently the first is th e more virulent But there is one obj ection to such a conclusion 
I have already mentioned how complicated is the interaction bacterium-bacterio- 
phage The action of the free lysins of bacteriophage on bacteiia has as j'^et been 
very little studied By simply observing the rate at which bacteria are perishing, 
as m the case of observation of the lysis alone, we may be led to confuse the duect 

action of the living bemg bacteriophage and the action of a non-living substance 

the lysin The first constitutes the virulence The second I have already com- 
pared with toxicity Moreover, the preliminary mvestigations into the technique 
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of estimation of the rate of dcstiiiction of bacteiia showed that the problem i? 
more difftcult and complex than it seems The first problem which presents difficul- 
ties IS the neeessity of an instantaneous aiicst of further action of bacteriophage 
at any given moment, to enable us to count the surviving bacteria The action 
of chemical substances (citrates, bile) proved to be unsatisfactory So also is the 
ordinary anti-phage scrimr containing bacterial anti-bodies, which influences 
bacteria to an rinkirown degree In short, this method is not yet available for 
practical application, though deserving further exhaustive study which is being 
carried out at present nr this Laboratory 

Orr the other hand, the estimation of the rate of multiplication presents very 
few practical diflrculties The only possible objection is that we cannot yet say 
with absolute certainty that the rate of multiplication of bacteriophage is strict!} 
proportional to the rate of destruction of bacteria We have, however, considerable 
evidence, theoretical as well as practical, that this is so 

VlRULLNCi: TEST 

The rate of multiplication, that is to say the rapidity of the growth of bacterio- 
phage, has already attracted the attention of other investigators Bail (1923) in 
particular used it for the diftorentiation of his echlc and unechle (I would trans- 
late it as ‘ true and ‘ accidental ’) bacteriophages But no one to my knowdedge 
has used the estimation of the true rate of multiplication as the indicator of viru- 
lence 

I am of opinion that the true rate of multiplication can be estimated only if 
the observation is made during the period of unhindered free development of dll 
bacteriophage corpuscles present The normal course of development of bacterio- 
phage can be hindered (1) by insufficient number of bacteria, the cflect bemg that 
not all the corpuscles of bacteriophage present can continue to multiply at the 
normal rate, and (2) if the bacteria themselves are hindered iii then normal develop- 
ment, which usually occurs when either the number of bacteria exceeds a certain 
limit or wffien the medium is exhausted and is saturated with products of metabol- 
ism The only period then when we can make our observations will be dining the 
first few hours after inoculation of bacteria with bacteriophage and provided the 
following conditions are observed — 

(1) the period of observation must be as long as possible, limited, however, by 
the time when any of the inhibition factors enter into play, 

(2) the number of bacteria introduced into the medium must be sufficiently 
large to provide ‘ food for eveiy corpuscle of bacteriophage during the w'hole 
period of observation, but not too large, as that can prematurely inhibit the 
development of the bacteria themselves, 

(3) the number of bacteriophage corpuscles inoculated must be as small as 
possible but sufficient to render easy the first estimation of theiv number 
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To satibfy thcbc coiulitioiib tlio follow tti lunquo Las been woiked out — 
Short clebcnptioii a baeteiial einuljioi' c()ntaiiiin!| the optimal number of 
bacteii i lb iiiocul ited W’lth the optimil miiibii of baiteiiophage coipuscleb An 
immediate plating is ni kIc to ascertain the aetu il niimbci of corpuscles inoculated 
Ifter the choben time a convenient dilution ol llie contents of the test-tube without 
filtration is again plated Ne\t day the number of clearings on both platings is 
counted and the number of corpuscles pic^cnt at the two moments determined 
The number of coipuscles present at the nioim nt of the second plating is divided 
by the uumbei of corpuscles originally introduced This gives the number of 
corpuscles originated during the period of obscivation from one corpuscle and is 
called the rate of imiltiplic.ition oi indicator of eiiulciice 

The technique was worked out for cholcniihages, but a few tests performed 
with other intestinal bcctenophages have suggcbted that it can be used without 
modification m their case too 

Tunc of obi^ei Lotion — This has to be chosen so as to enable us to compare 
bacteriophages of very different rates of multiplication The problem was solved 
almost of itself when wc compared the most lapid Ch</)A with the slowest Chs!>C 
The rate of multiplication of the first, when using the chosen number of vibrios and 
bacteriophage corpuscles, has already started to slow down at the beginning of the 
third hour On the contiary Ch<#)C shows the fiist appieciable signs of development 
after an houi-aud-a-half From Tables I and II {see page 1167) one would be 
inclined to conclude that for the quick acting bacteriophages lilce Ch^A it would be 
better to make the second plating after about 1 hour 30 minutes or 1 hour 
45 minutes, while for Ch<^>0 it would be better to jffate the second time after about 
2 hours 30 minutes This being so it was evident that a compromise is necessary 
and the time of the second plating was fixed at 2 hours, giving the possibility of 
comparmg all varieties of bacteriophage 

The number of v'bnos wseeZ — Experience showed that IXlO*’ of vibrios for 
20 c c of broth (5x10® per c c ) gives quite constant and reliable results, though the 
number can be increased consider abl)”^ without influencing the results, and therefore 
no particular accuracy is required in the determination of the number of vibrios 
taken We usually take 1 c c of 18 hours old peptone water culture, which ordmarily 
contains about 1 X 10® of vibrios per c c 

The number of bacteriophage coipuscles inoculated — The lesser the number of 
corpuscles the more freedom they will have for development 6x10® per c c was 
chosen as the minimum giving the possibibty of rebable enumeration at the first 
plating As our ‘ big loop ’ takes about 0 025 c c on platmg this amount immediately 
after bacteria and bacteriophage are added to the broth, we will obtam some 16 
clearings — a number convenient to count and sufficient to ensure adequate accuracy 
The enumeration of bacteriophage corpuscles in the original suspension and the 
calculation of the amount of it necessary to be added to our experimental 20 c c of 
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biotli to obtain G x 10- coipuscles per c c is very simple Suppose that on the usual 
plating of the oiiginal suspension we obtain with ‘ big of the small loop ’ dilution 
160 dealings This means that a ‘ big loop ’ of the last dilution plated contains 
150 corpuscles, while we iiant 16 Therefore, if we were using for dilution 10 c c, 
of bioth, oui bacteiiophage suspension ought to have been diluted 150 15=10 
times, but as w e use 20 c c of bioth in oui test, the dilution must be only 5 tunes 
The pioceduie in this case ivill be as follows take one ‘ big loop ’ of our original 
bacteriophage suspension in 10 c c of bioth Transfer 1 c c of this dilution into 
anothoi tube and add 4 c c of bioth Traii'jfer one ‘ ‘-mall loop ’ of this dilution 
into OUI 20 c c of bioth On adding the required amount of bacteria plate the 
usual ‘ big loop ’ — it w'lll give appioximatcly 15 clearings, i e , 6x10^ of corpuscles 
mice 

Experiment show's that no paiticulai acciuacy in the niimbei of corpuscles 
used IS necessary — if even 12 times the numbei be taken, i e , 7 2 X lO^, it does not 
influence the rate of multiplication It follows that, when we are comparing the 
virulence of tw’o oi several bacteiiophages, theie is no necessity to use exactly equal 
numbeis of each A very wide appioximation is sufficient 

In Tables I and II and in the Chait {vide inf)a) we can see the results of usmg 
the suggested method The expeiiments are shown there somewhat in exlenso to 
illustiate the fuithei possibilities of the method Eoi the routine examination of 
viiulence it is sufficient to find out the rate at 2 hours 

These tables also show, as I have stated, that the resulting numbei of corpuscles 
after 24 houis cannot be taken as an indicatoi of virulence This is particularly 
evident in the Chart 

In performing this test we must take into cousideiation that each corpuscle of 
bacteiiophage gives at the moment of division not two new corpuscles, as in the case 
of bacteria, but many (d’Heielle) Consequently, we cannot expect a regulai 
flow of inciease it is a mattei of chance ivliethei it wull be gradual oi in abiupt 
stages, depending on the nimibei of coipuscles dividing at the same moment It 
follows that when we compare rapidly gi owing bacteiiophages, and make oiu 
second plating after 2 hours, it can happen that one of them will be plated a few 
moments before an abiupt inciease, wdiile the other just a few moments after the 
abrupt increase The result will be a wrong conclusion that the second bacterio- 
phage IS more viiuleiit Theiefoie I would advise not depending on the result of 
one test but on repeated examinations only Fiiitheimoie, when peifoiming the 
test, it IS advisable to make at least two platings from each tube at first from tlie 
first, then from the second, then again fiom the first and again from the second 
This will increase the accuracy of the test 

Gonipaiatioe value of the test — In estimating the value of the test we must 
hist of all cleaily understand that it has only a comparative and not an absolute 
value In estimating the action of bacteriophage on the culture ive must take into 
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T\in I 


ComjianiUie estimation of the Kite of nndtipln otuin of fa lacei of choloaphage, Type A 


\ 

Ch^ 

1 'Jmnlicr of 

I corpuscles 
j inoculated 
[>or 1 c c 

Xunibcr of 
corpuscles 
after 

I liour iO 
minutes 

R lie 

Numlici of^ 

eorpuscUs, 

aftir 1 

2 hours 1 

\uruber of 
coipusoles 
after 

1 hours 

Rate 

Number of 
corpuscles 
aft er 

2 1 bom’s 

U A 

j 4SslO» 

3 0 10 

1 

7 5 < 10* 

2S lf> 

1 5 S 105 

1 0x10“ 

33x10” 

3 7X10” 

11 a A 

5 4 •'10 

2 5 s 10 

10^ 10* 

1 S\ 10 

t 

1 

1 3 3 105 

1 

1 1 !xl0“ 

1 

2 4 < 10” 

3 0x10” 

11/3 A 

2 Ox 10 

0 1 < lO” 

3 2 ^ 10‘ 

0 0\10’ 

1 4*8 X 105 

2 0x10" 

1 

1 0x10" 

16X10” 

71 A 

3 0\10’ 

0 0 < 10> 

3 2x 10‘ 

c s .. 10 

j 2 3 X 105 

1 6x10” 

5 3x10“ 

2 5X10” 

■Z* A 

1 2v 10 

2 5\10' 

2 0/. 1C" 

1 3 S' 10« 

1-5 X 101 

1 2x10’ 

1 0x10 

SOX 10” 


Tabit II 

Comparative eslimalion of the uile of muVxpltcalwn of fou) types of chdleiaphaye on 
Ichoratory strain Ch 1573 isolated 6 months previously and on freshly isolated 
Ch M81 Cal (Jiisl subculture fiom | cent peptone uatei) 


Ch t/) 

Tried on 
cholera 
\ibrio 

Number of 
corpus*. Its 
inoculated 
per 1 c c 

Number of 
corpuscles 
after 

2 hours 

Rate 

Number of 
corpuscles 
after 

24 hours 

I4A 


1573 

1 0x10" 

5 0x10" 

3*1 X 106 

1 2x10" 

1484 

1 9x10 

1 0X10' 

5*2 X 106 

2 1 X 10" 

146B 

' 

1673 

5 2 X 10" 

25x10 

5 0 X 102 

2 7x10" 

1484 

6 4x10 

5 0x10= 

8 0 > 102 

2 9x10" 

13C 

' 

1573 

2 2x10 

6 4x10" 

2*9 X 101 

!4xl0" 

1484 

1 2x10 

9 2x10” 

0 8 X 101 

12\10” 

D 


1573 

1 0x10 ' 

2 4xl0‘ 

2*4 X 102 

3 4x10" 

1484 

2 2x10 

4 0x10* 

1 8 X 102 

1 8x10" 
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cousiclGiixtiou tliilt WG ha,vo to dGtil with nioEO tha,n. two vaciablGS— bacfcona,, 
bactoiiopbagG, inGclia, amongst otliGis — all VGiy scusitivo to any change of 
Guviionmont and indiiGUCing oacli othei 


ClIARl. 



hlnviiournGut can influGucG bacteriophage la two ways diiectly and throng i 
bacteria, though it is impossible to sepaiate these ways, and what influences 
bacteriophage influences at the same time bacteiia as well The factors whic can 
influence bacteiiophage development diiectly are tempeiatuie and an supp}> 
while any factor which bungs alteiation in the giowth of the bacterial cu ur 
which serves for the multiplication of bacteriophage, umnediately aftects a so e 
development of the latter Veiy important is the state of the culture an 
phase of S-R dissociation, which in then tmn are functions of the age and me o 
of cultivation ^ 

As all these factors change constantly and both bacteria and bacteiiop a^e 
are very sensitive to then influence, it is evident that it is next to impossi 
repeat any of our observations under identical conditions It follows that a es 
performed to-day cannot be compared with one performed yesterday, as we never 
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ciii guar.iutco that ill tlio coiulitious au* 1 1 l)i)lh (.ci'><rf the The suggested 

teat has thercfoie i purely compaiative ' ’l.n Spi'ikmg stiictly we can compare 
the viruleucc of two oi many bactonoph im oulv ndicn ieatmg them simultaneously 
However, m practice this is true only wlun , c ai<‘ comparing bacteiiophages with 
relatively slight clillorcnces in virulence If ile diftoience is considerable, as for 
instance in the ciae of Ch^llSLV and Ch./‘ / ’ V (Tible I, page 1167) the influence 
of the change in conditions can be disieguthd a i omparatively inaigmficant 

The question arises, of wliicli liacte- lophagi a c m wc compare the virulence ^ 
Can i comparison be made of the viiulcme ol dilleient tipcs I am of opinion 
that strictly spcikiiig we can compaie the icsulK of tlie tost only if made with 
bacteriophages belonging to the siuiic type, oi at least to tlie same Burnet s group 
(‘ smooth ’, ‘ smooth-rough ’ and ‘ rough ’ b ictciiophages) This statement may 
be supported by taking as an evainple an cvtrrme case— that of Ch<^.A and 
Ch<^E The development of these two types is essentially differ ent the first uses 
only the smooth elements of the culture, the sc^'ond only the rough Even i we 
make our comparative test using the siine S-R strain of vibrios, it amounts to the 
use of two different cultures — S and R — and, strictly speaking, the results obtaine 
under the conditions ouglit not to be compared It would be like comparmg the 
virulence of Meningococcus with that of C diphthei icv ± ^ , 

Practically, wc arc bound to speculate on the comparative virulence of different 
types if only to understand their difterent roles in the destruction of bacteria 
From the results of the suggested test, even from the few data shown in Tables 
I and II, it IS evident tliat it is impossible to compare the virulence of mixtures 
In this case we can only find the rate of multiplication of smgle types which enter 
into the composition of the mixture The mmtuie can be investigated only from 
the point of view of its activity, which will be discussed later 

The choice of the euUuie foi virulence From what has been mentioned 

about the influence of the state of the culture on the multipbcation of bacterio- 
phage, It may be inferred that some cultures may be more suitable for our purpose 
than others As the test is designed for various p irposes we must expect that in 
different cases we will benefit by choosing different cultures to suit our particular 
purpose This question has not yet been completely studied and I am able to give 
only general indications It seems to me that wlien it is a question of choosing 
the best bacteriophage for practical application, we must use for the test only 
freshly isolated cultures, as little attenuated as possible by our artificial methods 
of cultivation This will give us a better idea of how the bacteriophages under 

examination will actually act in nature 

On the contrary, for basic research in the study of bacteriophage characteris- 
tics in general, it seems to me better to use a laboratory-stabilized culture Such 
a culture is less liable to undeigo appreciable changes under the influence of 
laboratory conditions This will give us the possibility of a better comparison of 
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the iGbults obtained at difieient times ‘ bacteiia factoi ’ will be more permanent 
and constant Howevei, I would advise ahvajs verifying the results obtained 
with laboiatory cultiues on the cultiues wdiich we consider more natural 

Application op the viuulence test 

Though this test actually gives only an estimation of the comparative late of 
multiplication of bacteiiophages, it can be used foi man} purposes At present 
I will mention only the following — 

1 Choice of bacteiiophage of icquucd viiulence 

2 Choice of the most suitable strain of bacteria foi propagation of bacterio- 
phage 

3 Study of the influence of enviionmcnt on the viiulence of bacteriophage 
and of the methods foi incieasing the viiulence of bacteiiophage 

4 Study of the metliods foi incieasing the range of action of bacteriophage 

5 Study of the influence of one type of bacteiiophage on the development of 
another 

1 Choice of a bacteiiophage of leqiuied virulence 

In the majoiity of cases it is a question of choosing the most vinilent race foi 
piactical application As I have mentioned, in this case is it necessary to use 
freshly isolated bacterial cultures "We usually proceed in the follow’mg way, which 
has become oiu routine — 

Foi each bacteriophage tw'o cultiues arc used the ‘ best ’ and the ‘ worst , 
determined as described in the following paiagiaph under {a) If the results of 
the test are inconclusive, i e , if the difteience betw een the races of bacteriophages 
examined is not siifficiently pronounced, the test is repeated until a more conclusive 
impression is gained AVhen the next lot of bacteriophages is examined, the best 
race of bacteriophage as determined in the previous test is included for comparison 
If a bacteriophage is found which acts better on the ‘ wmrst ’ culture, it is taken 
for further dctarled study, and rf sufficient reasons are found, rt is included in oni 
nuxtiue for practical application In this W'ay wm hope to improve further and 
contrnue to improve constantly oiu mixture of bacteriophages used for prevention 
and treatment The test grves us the possibility of making this improvement 
rationally and not at random 

2 Choice of the most suitable stiains foi cultivation oj bacteiiophage 

Our ideas, before the iirti oduction of the vrrulence test, as to the suitability of 
a culture for propagation of bacteriophage iveie rather \ague we had no definite 
criteria for judgment e tried to judge by diftcient staudaids which often 
proved to be irrelevant So, for instance, one wms tempted to use for the propaga- 
tion of bacteriophage the most lysable culture — the culture which either was easil} 
and completely l}sed, or w'hich showed less of the secondary growth afterwards 
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The virulence test revealed that the l}babililv oi tin iljocnce of secondary growth 
do not run proirortionally to the caiinbiliU >( Uu cultiue to increase or maintain 
tlie virulence of bacteriophage 

Again, the culture which, celeni> paiiliv‘< tuc i higei resulting number of 
bacteriophages may be useful, but onl} fh' -n Itnce test wnll show whether in 
increasing the luiiiibei of corpuscles in tie n-'i Itnig filtiitc we do not dimmish 
the virulence of the coipuscle 

AVe also tried, before the test was iniiodmcd to judu' the suitability of a 
bacterial strain b> the iiuinber of dealing piodiiKd hr the same quantity of the 
same bacteriophage suspension on agai jilatines A\ c thoueht that if we plated 
the same dilution of a bacteriophage suspcns'on using sinndtaneously several cul- 
tures, that whidi revealed the largest nuiiibei of clean igs would be the most 
suitable for the propagation of bacteriophage The tc«t revealed that the opposite 
IS often true Evident!}, the cultuit w'hicli allows moie corpuscles to develop 
clearings, gives to less virulent coipustles, which would he eliminated in case of 
another culture, a possibility of multiplying 'Ihcrefoie, when using a culture giving 
fewer clearings with the same dilution of bacteriophage suspension, we help m the 
natural selection of more virulent individuals — though the question whether the 
virulence of these selected corpuscles on this paiticular culture will be maintained 
still remains open until confirmed or negatived by the virulence test 

The test performed with the object of choosing a suitable culture can provide 
us with information on three points — 

(а) On which culture does the bacteriophage grow quickest, i e , on which 
culture does the bacteriophage show the highest rate of multiplication * This 
does not give us much information as to tlie suitabiliiy of the culture, indicating 
only as it does which strain of bacteria is the most sensitive to our bacteriophage 

(б) On which culture does our bacteiiophagc give the largest resulting number 
of corpuscles ? This is tested by additional plating after 24 hours This informa- 
tion can help us in the final selection of a strain when we have ascertained the 
suitability by another test 

(c) Which stiain does actually help either in maintenance or in increase of 
virulence of our bacteriophage ^ This is the crucial test and is made in the 
following way — 

The usual passages of our bacteriophage are made on all the strains of bacteria 
under examination After the first and aftci the fifth passage on these strains the 
bacteriophage suspensions obtained aie submitted to tlie test along with the original 
non-transferred suspension using the strains of bacteria most and least sensitive 
determined as under (a) 

The best strain for propagation will be of course one which at least maintains, 
if not incieases the virulence, and which at the same tune gives the largest number 
of resulting corpuscles 
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By means of the virulence test we can now in a rational manner choose for 
each type, foi each lace of bacteriophage used, the most suitable strain of bacteria 
Before the mtioduction of the viiulence test I maintained the opimon that 
the bacteriophage mivture used for piactical application should contam -only one 
representative of each available type of bacteriophage — the best of each seemed 
to be sufficient The test performed as under (a) seems to indicate that it is better 
to use also different races of the same t\pc as some races are more active against 
one group of vibrios, some against another By using different representatives 
of one and the same type, maintaining them on then best strains, we may improve 
the polyvirulence of our mixture 

3 Study of the 'influence of enviionment on the viiulence of bcictenophage 
and of the methods f 01 inci easing vindence in geneial 
The vuulence test has a very wide scope in the study of the influence of 
the conditions of cultivation on the quahty of bacteriophage and of methods for 
its improvement It gives us the possibility of examining the influence of 
media, temperature, relative numbers of bacteria and bacteriophage used, of 
hyperaerobiosis, etc Bor this it is sufficient to apply the particular conditions 
to a bacteriophage during a number of passages and then to make the parallel 
virulence test of the bacteriophage so influenced and the original one The 
rate of multiplication will show whether the method of cultivation used brmgs 
any improvement in_^the virulence or not 

I Study on the lange of action of baclei lophage 
One who has worked with bacteriophage will know that races of bacteriophage 
belonging to the same type can diflei not only in the rapidity of the destruction of 
bacteria but also in completeness and permanency of this destruction AYith 
some races the secondary resistant growth appears very soon after the lysis is 
complete, with others its appearance is protracted In the majority of cases of 
the last instance it means that the particular race of bacteriophage destroys more 
of the varieties of bacterial cells present in this culture , that the range of action 
of this bacteriophage is larger 

The virulence test performed in the usual way does not give us any informa- 
tion as to the range of action of the bacteriophages exammed However, a slight 
modification — only in the choice of the culture on which the virulence is tried— can 
assist us in the study of the range of action also 

Sertio and Gough (1930) show'ed that the secondary resistant growth appearing 
after the action of bacteriophage is not homogeneous but consists of elements of 
difierent degrees of resistance They also devised a method in which by adapta- 
tion of bacteriophage fiist to the least resistant (r^) bacteria, then to bacteria more 
and more resistant (r^, i3^ succeeded in gradually mcreasing the 
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range of action of bdctonopliago resulting in moie complete Ijsis of the original 
ciiltacc and in Utei appearance of the stcondaiv growth 

If now we take foi peifoiming oni fist not the noimal ciiltiae but one of the 
resist vufc (r*, r-, ), we can, judging by the latc of multiplication of our 

bacteriophage on these components, obt iin in nb i of its range oi of increase of 
this range The test in this modification tan be, of course, applied not only to 
Sertid's method but to the others which liave tlic same purpose of increasing the 
range of action of b icteiiophagc 

5 Sliuly 0)1 the mjluoice of one type of bactoiophage on the 
deiclopoioit of anolhe) 

Tins, a very important page of the histoi} of bactei lophage life, is as yet very 
little studied, mainlv because no sufficiently lelublc methods have been worked 
out for adequrte observations Nov, combining tlie anti-senim method with the 
virulence test, we are able to follow with considerable precision the development 
of each type of bacteiiophago scpaiately while tliey aie growing together, and to 
study the influence of one on the other 

This presents no difficulty and requires no anti-phage serum when we are 
observing the development of a quick growing bacteriophage like Ch <^> A m the 
presence of a slow growing bacteriophage like Ch C the high rate of multiplica- 
tion of the foimer gives us the possibility of eliminating other types from orri platrngs 
by simple dilution On the other hand, when we want to study the development , 
of a slowly growing bacteriopliage in the presence of a ‘ high rate ’ bacteriophage, 
we must revert to tire use of specific anti-phage serum which will inhibit the appear- 
ance of the clearings of ‘ high rate ’ bacteriophage and give the possibibty of using 
for plating adequate dilutions showing the clearings of ‘ low rate ’ bacteriophage 
only 

Virulence oe bacteriophage, its maintenance 
AND methods op INCREASING IT 

Virule)ice of bactoiophage and hacleiial cultures — The practice of many years 
has shown me that the best way to increase or maintain the virulence of a bacterio- 
phage race is to use for its propagation an adequate bacterial culture Jt is the 
same as with bacteria where some media help to maintain or increase the virulence 
of a strain, some attenuate it For bacteriophage we also have ‘ good ’ and ‘ bad ’ 
cultures On the first its virulence improves or is mamtamed, on the second it 
deteriorates 

Therefore the virulence of the races of bacteriophage which we maintain in 
the laboratory depends largely on the proper choice and on the proper maintenance 
of the bacterial cultures which serve for the propagation of bacteriophage 

The choice of the culture is made without difficulty by means of the virulence 
test as described under (2) (see page 1171), which avoids any arbitrary element m 
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0111 choice On the othei h.incl the preseivation of bacteiial cultures without 
alteiing their natural properties presents considerable difficulties, while it is of 
paiainoiint importance that we should use for bacteiiophaffe piopafrarion bacterial 
cultures as little altered by our laboratory methods as possible 

AYe have tested many difteient methods of cultivation and maintenance of 
bacterial cultures for the purpose of finding one wdiich will alter the culture the 
least In brief our conclusions are ns follow^s — 

All the usual methods of cultivation on ordinal y solid and fluid media alter 
bacteria very quickly — after one or two w^eeks of such cultivation they are aheacly 
‘ laboratory strains which, if used for propagation of bacteriophage, tend to 
deteriorate the latter also 

Quick transfers (every four to six hours) in liquid media tend to prerent the 
S-E dissociation On the contiaiy, if we leave the culture in a liquid mcdiiiiii 
longer, the E forms start to appear very quickly Foi instance, choleia vibiio 
culture, if left in a liquid medium for fort) -eight hours or submitted to tw o to four 
transfers in a liquid medium at twenty-four hours intervals, will contain a rery 
large proportion of E elements 

Cultivation or maintenance of the ciiltriie on agai, provided it is slightly acid 
or neutral, prevents the S-E di=sociation, while an alkaline medium hastens it 
All the usual bacteria produce on ordinary solid media a considerable amount of 
alkali, so that within one week the whole slant is already strongly alkaline and 
the number of E forms rn the culture increases For this reason, I advise (a) using 
the agar of pH 6 6 to 6 8, (6) adding to it an indicator such as cresol red or 
thymol blue to enable the reaction of the medium to be judged at a 
glance at any moment of cultivation, and to tiansfei the culture m time, before too 
strong an aUralrne reactron starts to act, and (c) seeding the slant not in a continuous 
layer or Irne but in one or two spots only, so that medium will change its reaction 
more slowly 

Nevertheless all these precautions are not sufficient to preserve bacteria in 
their natural state How rapidly and easily these changes appear can be judged 
by the lysis produced by bacteriophage as described fruther on 

After numerous trrals we have found that only the following method gives us 
the possibility of keeping a culture of such a sensitive organism as Y cholera m a 
state very little altered for about a fortnight or even a month The stool of a 
cholera patient is plated directly on bile agar without preliminary enrichment in 
peptone water AA ell-isolated colonies are selected and picked up into 1 per cent 
peptone water As soon as the first traces of growth appear, one c c of this cul- 
ture IS transferred into eight to ten c c of J per cent Difco peptone water and 
immediately sealed mice ampoules 

The easiest way to fill small ampoules is the following Some eight of them 
are assembled in a large test-tube, open end down. About ten c c of ^ per 
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cent peptouo water n added uid the whole stet li/ed at 1]0°G foi 15 minutes 
(Plite LVI, fio; 2) One c c of the cnlfuio, <’< seiibed, is added and the whole 
(ube put into a '\Iaitin disk which is olo'-.'d an nidi i-riibbei stoppei The 
all is exhausted as fii as possible and then idmitted iiuk thiouah the au filtei, 
the capsules fillinif on le-admission of an (T!ie exhaustion is bettei maiutamed 
foi 1 while to diive out tlio an dissolnal in 'he peptone watei, as this seems to 
assist 111 better pieseivition of the intmal pinpeities of the culture) The 
iinpoules lie sealed iii the usual wij ind pieseived m a refrigerator 

Foi use, one whole ampoule is added to 25 o c of peptone water After a 
shoit incubation — not more than 8 houis, bettn b — dining winch the tube is 
frequently eiiergcticall]^ shaken to pioMde i iich supply of an, one c c of tins 
culture IS uhhd to 10 to 20 c c of bioth and inof iiiated with the bacteriophage to 
be piopagated 

How fii and how qtiickl}' oidiiiair methods of cultivation alter a crrltiire and 
on the othei hand how f ii tlu suggested method is better, can easily be ascertained 
hy the following expeiinrent From the same tube W'herefrom 1 c c of the culture 
was tiaiifaferred into | per cent peptone water, seed an agar slant Next day 
two peptone water tubes arc seeded, one from this agar slant, the other from one of 
the ampoules After oytringht lucubation (16 to 18 hours) both crrltrrres are tested 
for lysability Both tubes are brought to the same turbidrty by the addrtroir of 
peptone water to the more turbid One c c of each cultrrre rs added to 10 c c of 
peptone water and inoculated with one drop of quick-acting bacteriophage 
(like Ch^A) The cultuie prepared diicah from the ampoule will be lysed 
more quickly aud more completely If this experiment is repeated with the 
same culture after a foitmght’s piestivalion, the difference will be more 
striking 

The choosing of the most suitable culture of r ibrios for propagation of different 
types of by means of the virulence test has shown that it is hardly possible 
to find a strain which will be the best for all types Even bacteriophages belong- 
ing to the same ‘ smooth-rough ’ gioup of Buinef, as for instance Ch<l>B and Ch(^C, 
require different cultures for their best maintenance, to say nothing of bacterio- 
phages belonging to the different group-., the extreme example being Ch^A and 
Ch</.E iVe expected this as bactdiophasies have a preference for different phases 
of dissociation of vibrios Though tlmre is evidence that more subtle differences 
in the properties of a culture than that mentioned also influence its suitability for 
different races of bacteriophage, tiic state of dissociation is most prominent 
Information on this point will help us to understand and better to interpret man} 
other phenomena connected with the life of bacteriophage 

We have examined all the known methods which help us m judgmg the state 
of S-R dissociation of a culture morphology of colomes, growth rn Irqurd media, 
influence of NaCl concentration, type of agglutination, etc , and came to the 
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conclusion that the easiest and at the same time an entirely satisfactory method 
foi woik with bacteiiophage, is the method suggested hy P Bruce AVhite of using 
the Millon reaction It is very sensitive (even too sensitive if used as P Bruce 
Wliite advises it), and gives quick and tiustwoithv results I have slightly modi- 
fied the method, making it more suitable for bacteriophage ivork 

Millon’ s uaqent — 

Metallic mercury 1 part by weight 

Nitric acid 36°B 2 parts by weight 

"When the mercury is being dissolved in the nitric acid, dense fumes of nitrous 
oxide are given oil It is better to do this in a fume chamber or in the 
open ail After the dissolution is complete, the green liquid obtained 
is diluted with two parts of water The ) cogent is then giowcd into a 
laige photog) aqdiic dish and aeiatcd foi about 24 houis, until almost all 
tiaces of smell have disappeaied 

The procedure in making the test A loopful of 24 horns’ growth of micio- 
oiganisms on agai is emulsified in 2 c c of tap-watei, 0 2 c c of Millon’s leagent is 
added, the tube is left foi about one minute, and then heated nearly to boihng point 
The heat is niaintamed foi about one minute more, but without boiling 

Thiee phenomena aie observed — 

1 Flocculation — ^^Ylth pure rough culture this appears e\en without 
heating, the flocculi slowly falling to the bottom On heating, the flocciih 
‘ coagulate ’, partly floating on the froth, partly falling to the bottom, clearing 
the liquid more oi less completely The more complete the coagulation and the 
clearer the liquid the more rough is the culture 

2 ‘ Cieeping ’ — After heating, it will be observed that a film, more oi less 
granular, is ‘ creeping ’ up along the wall of the test-tube above the surface of the 
liquid It consists of coagulated vibrios nhich float on the surface of a thin layer 
of the liquid adhering to the wall The more marked the phenomenon the moie 
rough IS the culture 

3 Bnch coloration — ith iion-aerated reagent and when kept in a tightly 
stoppered bottle, the more rough is the culture the more intensive is the buck 
coloration of the sediment that appears But as every culture always contains 
some other organic matter besides bacteria, and as every cholera culture, however 
smooth, contains some of the rough elements, this coloration always appears and is 
somewhat deceptive It was found that if Millon’s reagent is aerated as advised it 
no longer produces this coloration For leading the results of this test the first two 
phenomena — ^flocculation and ‘ creeping ’ — are sufficient to judge the state of 
dissociation of a culture 

An emulsion of smooth culture remains evenly turbid, that of a rough completely 
coagulated, leaving the fluid clear In between these two extremes the reaction 
can show all intermediate degrees, indicating the predominance of smooth or rougli 
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elemeutb For practical purposes it i-, quite suilicieat to flistionuish tliree degrees 
S, S-R aud R If more c\ ict desciiption is w mttd, tlic symbols sR and Si could be 
used indicating the picsciicc of small uiiounts of smooth oi lough elements respect- 
ivelv 

As I have mentioned, for some purposes m bacteiiophage study it is preferable 
to use a labor itor) st ibiliaed culture It often niahes the cairying out of experi- 
ments easier, and gives lesiilts nioie eas\ to i ompaie as such a cultuie is less liable 
to daily changes than i fleshly isolated om The cultuie is chosen bv means of 
the virulence test A further nnpiovcment in tins i ultuie can be brought about in 
the following wa)’’ by gradual selection — 

The best culture is spread on agai and some 5 colonies are picked up and 
subcultiircd They in their tiiiii are tried by means of the vmilence test, along 
with the original culture If one of the so obtained «trams gives better results, it 
IS in its turn spread, some colonies are subcultmcd and tried, — aud so on Often m 
this way one succeeds in improving the vuulence of bacteiiophage for laboratory 
cultures AMietlier this procedure improves it for the natiual, freshly isolated 
cultures can be proved only by expeimient, and more often than not such a bacterio- 
phage of exalted virulence for laboratoiy cultures loses its virulence for the natural 
cultures 

It goes without saying that by the same method of gradual selection we can 
obtain also particularly lysable ciiltuies or cultures on which a bacteriophage shows 
the largest rate of multiplication 

To induce some paiticular property m a bacteriophage, e g , to enlarge its 
range of action, to miprove its stability, etc , it is often inevitable that we should 
submit it to prolonged propagation under laboratoiy conditions This, of course, 
tbougli improving the race of bacteriophage from certain points of view, will 
‘ denature ’ it, and I would not recommend using such a bacteriophage for 
practical application without previously restoring its natural character This can 
be achieved by passages of our ‘ laboratory-brought-iip ’ races of bacteriophage 
through cholera patients AVe did this in the following way — 

First we ascertained that a race of bacteriophage ‘ educated ’ m the laboratory 
to a satisfactory standard does not lose the acqmred properties even on prolonged 
passages through human beings It was logical to suppose, and was proved on 
many occasions, that the re-isolated bacteriophage would vary consideiabl}'- m its 
individual virulence This fact is easily explained by the existence of the ‘ good ’ 
and ‘ bad ’ strains of cholera vibrio mentioned above Indeed, if a patient has an 
attack of cholera due to a strain of a vibrio incapable of maintaining the virulence of 
bacteriophage, the re-isolated bacteriophage will be of a lower virulence than the 
one given On the other hand in the case of an attack of cholera due to a ‘ good ’ 
vibrio, we might expect to re-isolate a bacteriophage of even improved 
virulence 

J, MR 
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The teclimque of the human passages was woiked out as follows — 

'\^Tieii we started our expeiiments theie weie very few patients in the hospital, 
new cases aiiivmg after intervals of seveial days One of the patients was given a 
pure culture of one type of bacteiiophage During the following days stool 
specimens weie legulaily collected Eaces of bacteriophage present in the filtrates 
of the stool weie passed only once, piefeiably on the vibrio isolated from the same 
patient, and then compared for their individual viiulence The re-isolated race, 
which proved to be the best, provided it was at least as viiulent as the one given, 
was administeied to the next patient This pioceduie was repeated many tunes 
Aftei that, fuithei admmistiation of the bacteiiophage was stopped altogether, 
but it was found that the newly admitted patients, in spite of this cessation, soon 
after their airiyal— sometimes even after 8 hours and certainly the next day — were 
found to be infected with the bacteiiophage introduced previously by us into the 
hospital This was observed even when a patient was admitted to the hospital 
when there were no other cases to infect hmi with bacteriophage, the last case of 
cholera having been discharged some days previously Evidently everything in the 
hospital — utensils, Imen, hands of attendants — was harbouring the bacteriophage 
which easily contaminated the newcomer In that way, in contaminating the 
hospital itself with the bacteriophage, we succeeded m effecting the most natural 
passages of bacteiiophage The stools from these patients, natiirallv infected 
with bacteriophage, weie regularly collected and examined foi the piesence of 
bacteriophage After ascertaining, by testing for example then polyvirulence, 
that the bacteriophages piesent were the same as intiodiiced by us, their 
virulence was compared amongst themselves and with that of the original 
bacteriophage A part of the direct filtrate of the stools contammg the best 
races was preserved in sealed ampoules (see Plate LVI, fig 2) for further 
use, and a part was subcultuied once only on the vibiio isolated horn 
the same patient Only this first transfer wms used foi the production of 
bacteiiophage foi field use In that way the leqiiiiements of bacteriophage 
being (a) ‘natural’, (b) vuulent and (c) with wide range of action, were 
satisfied 

Here it is not out of place to mention the significance of the existence of 
‘ good ’ and ‘ bad ’ strains of bacteria for the propagation of bacteriophage from 
the epidemiological pomt of view' It may explain why some epidemics quickly 
subside while others persist for a long tmie It is quite possible that m the fiist 
instance the epidemic is due to a ‘ good ’ strain and bacteiiophage propagating 
on these vibrios rapidly gains virulence and prevents fiuthei advance of the 
epidemic, while in the second case the epidemic may be due to a ‘ bad ’ strain, 
and even if we import there a viiulent bacteriophage, it may, propagating on 
these ‘ bad ’ strains, quickly lose its virulence and its effect will be greatly 
diminished 
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Amongst the methods of mcreasiii" the viiulence of beicteriophage, the 
following are wortli tiying — 

1 Sertnf (1920) shoiscd tint amongsl i gicat number of bacteriophage 
corpuscles of the usual viiulence theie aie oft< n present i few of a higher virulence 
If we transfer only small amounts of butt iiophage each time, we may eliminate 
these most impoitint individuals On tin (ontniv, if v\e use a relatively large 
number of corpuscles and a small iiiimbei of bacteiia only the more virulent 
bacteriophages will liave the opportunity to multiply Ale found the following 
method the best to adopt in using this principle — 

To 20 c t of broth is added one drop of bacterial culture when dealing with 
quick acting bacteriophage, oi one ‘ small loop ’ in the case of a slow one, and it is 
incubated w ith 1 or even up to 5 c c of bacteriophage suspension Aftei 3 hours in 
the case of a quick bacteriophage (such as Ch<jl>4) and up to 6 hours in the case of 
slow bacteriophage (such as CIk^C) the addition of the culture is repeated If 
possible the addition of the culture is repeated a third time Next daj the whole 
13 filtered and a transfci is executed in the same wa\ Aftei some 5 to 10 such 
passages the increase of virulence can be ascertained by the virulence test, using 
for comparison the original race, transfeired in broth in the ordinary way, along 
with the cxperunental tube 

Two other methods were suggested to me by d’Herelle’s statement that 
bacteriophages fix themselves to susceptible bacteria with rapidity proportional 
to their virulence 

For both methods the time of fixation of the bacteriophage under examination 
is first of all ascertained Foi this, to 15 cc of broth are added 5 cc of 
bacterial emulsion and lee of bacteriophage suspension Some 5 or 6 
identical tubes are prepared simultaneoiislj with a control, which consists of 
20 c c of broth and 1 c c of bacteiiophage suspension The control tube and the 
one with emulsion are filtered immediately, the remaining tubes at intervals 
of 5 mmutes All the filtrates are then plated and the number of corpuscles 
counted The time required to absorb about J of the bacteriophage corpuscles 
13 noted 

(a) Centrifugalization method — A normal emulsion of bacteria — 1 c c in 
20 c c of broth in a centrifuge tube — is inoculated with 1 e c of bacteriophage 
suspension After the time required for about \ of the corpuscles to be absorbed 
the tube is centrifugalized at a high speed until the supernatant liquid is clear 
The liquid is rejected, the bacteria resuspended in broth, and the bacteriophage 
fixed to them is left to develop overnight After some 5 to 10 such consecutive 
treatments the virulence is investigated by means of the virulence test 

(b) Filtiahon method — The same emulsion inoculated with bacteriophage as m 
the case of (a) is prepared and after the required time filtered through a collodion 
membrane of about ‘_20 sec ’ permeability (Asheshov, 1933) and repeatedly washed 
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through with saline oi broth, then resuspended in broth and the fixed bacteriophages 
are left to develop The further procedure is as undei (a) 

In both of these metliods we eliminate by filtration or centrifugalization the 
less virulent bacteriophages, using for further propagation only bacteriophages 
which have fixed themselves early and are expected to be moie virulent In this 
way we achieve a selection of the more virulent bacteriophages 

Environment and virulence of bacteriophage 
As I have already mentioned, physical and chemical conditions influence the 
development and properties of bacteriophage considerably Amongst the factors 
influencing bacteiiophage directly ox through the change in bacteria are composi- 
tion of medium, temperatuie and aeration 

Com])osition of medium — Geneially speaking, the bettei the medium is for the 
development of bacteiia the better it is for the development of bacteriophage 
as well But this is not so in eveiy case 

We spent considerable time tiying to work out a cheap meat-free mednim 
to be used for preparation of bacteiiophage in laige quantities foi practical 
application Using the same methods as foi meat media — digestion with pepsiu- 
pancreatin and with papain, we tried in 1929-1930 to piepaie one from vegetable 
substances rich in pioteiu, such as some varieties of dhal ’ and fiom casein We 
succeeded in obtaining media of good nutiient pioperties and giving quite 
rich giowth of bacteiia At the same time we found that the development of 
bacteriophage in these media is far from being as good as m papain meat 
broth and therefore then furthei use was abandoned 

As anothei example of the influence of the composition of media on tlie 
development of bacteiiophage may be cited the case of sugar media The addition 
of even a small amount of glucose consideiably enhances bacterial giowth It 
might be expected that this would also stimulate the development of bacteiiophage 
provided that the reaction of the medium is always kept at optimum However, it 
IS not alw ays the case and a most inteiesting fact is that different types of bacterio- 
phage behave difterently in this respect So, for instance, the addition of 1 per cent 
of glucose inci eases consideiably the late of multiplication and the lesulting 
number of Ch(/)A corpuscles, wdiile the late of multiplication and the numbei of 
Ch^B and Chi^C is distinctly diminished We use this piopeity of glucose to 
mcrease the relative and absolute numbei of Ch<i!>A in oui mixture of Ch^^ i«sued 
for practical purposes 

Temperature of incubation — ^Many observers have aheady stated that it is of 
advantage to cultivate bacteriophage at a lower temperatuie than 37°C e have 


* Indian pulse The grams are liuskcd and reduced to coarse flour One of the richest in protein 
(23 6 per cent) is the vanety called ‘ boot ’ or ‘ chana ’ (crushed gram) 
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also obseivcd that sometimes a bactuiophairc i^cuus m virulence if cultivated at 
room temperatuic 

Acraliou of haclcnopluujc culluuh — d lloulle m bis book states that a free air 
supply Is essential for the devtlopmcnt of b icteiioplnge and that in hyperaerobic 
conditions bacterioiih ige lyses (piukei .aid '-oon gains m viiulence 

We investigated the question in the following wavs — 

] Influence of leration on the lapidifj of dccelopment of bacteiiophage 
Broth was distributed bv 18 c c m Legioux tube and in ordinary 8 inchesXl mch 
tube, giving in the fust i lavei of liquid 0 5 cm and m the second 5 6 cm high 
To these (wo tubes were added the same amount of cibrio culture and of 
bacteriophage suspension as for the viiulence test The platings were made at 
once and after 2 houis 

Our conclusions arc that increased aeiation increases the rapidity of 
development of bacteriophage very consideiably— up to 20 times m case of Ch4>A — 
as compared with ordiiiar}’- conditions The least susceptible to aeration is Ch<f>B 

2 Influence of aeration on the icsulting number of bacteriophage corpuscles 
The platings were made fiom the tubes used in previous experiment after 24 hours 
It was found that increased aeration also greatly mcieased the lesultmg number of 
corpuscles — usually about 10 tunes, sometunes reaching, as m case of Ch<^A, even 
20 times 

3 Influence of aeration on the virulence of bacteriophage To deteimine this, 
different types of Ch <f) weie daily transferred on the one hand in Legroux tubes and 
on the other m7 inches x 0 75 inch tubes where the height of the liquid reached 
7 5 cm After 5 and after 10 such transfers the virulence of the two obtained 
races was compared by moans of the virulence test performed for both in our 
ordinary 8 inches x 1 mch tubes No increase of virulence was obtained with our 
standard Ch <f> <f> As, howevei, it is probable that our standard races already 
reached the maximum of virulence, these experiments cannot be considered to 
be conclusive 

ThX RANGX ok action of BACTERIOPHAGJ3 

It IS not often that we can find a bacteriophage of good virulence which will 
at the same time attack all the strains of a baeterial species Such cases are 
common only amongst dysenteryphages and that only in respect of the typical 
representatives of the species which are homogeneous Already with V cJwlerce 
which IS less homogeneous, even using ‘ smooth-rough ’ bacteriophage like Ch <f>B, 
we meet vibrios which are not attacked by every race In the case of Ch ^ A this 
restriction m the range of action is still more pronounced— Ch <j> 61A cited further 
on provides a good example of this 

However, in the case of Ch <j> its adaptation to the naturally resistant strains, 
provided they are of the required phase of dissociation, and are not the result of 
acquired resistance to that particular type (i e , are not the secondary growths 
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after tire action of a bacteriophage of the same type), presents no difficulty Our 
technique for adaptation in these cases is the following — 

A relatively small quantity — 0 5 c c to 1 c c — of a very young (4 to 6 hours) cul- 
ture of vibrios to which oui bacteriophage is to be adapted is added to 50 c c of broth 
in a 200 c c flask (thinlayer of the medium for thorough aeration) and inoculated with 
a very large amount of bacteriophage suspension (10 c c to 20 c c ) After 3 to 6 houis 
to this flask is added 2 to 5 c c of a young culture sensitive to our bacteriophage 
and all is left overnight Next day 20 c c from the flask is filtered and the procedure 
lepeated At the same time direct platings (‘ big loop ’ of the filtrate is spread and 
then covered with cultuie) of this filtrate, using the resistant vibrio are made, 
to see whether the adaptation has taken place If the clearings appear, they often 
present themselves as only ‘ traces ’ — small areas completely covered with bacterial 
growth In this technique it is advisable to use slightly moist agar for platmgs 
Though it makes the clearings spread and lose then shape, it provides us wuth a 
larger amount of bacteriophage material The clearings are scraped and washed 
into the as-yet-unfiltered culture of the previous day, which is then filtered to be 
used for the next transfer This considerably augments the nimrbei of adapted 
corpuscles in the filtrate Fioni the moment the action of our bacteriophage on 
the resistant culture is established, the addition of sensitive (ultuie is discontinued 
and the amount of filtiate foi tiansfeis gradually diminished (10cc,5cc,lcc, 
0 1 c c , ‘ bl ’) The last two tiansfeis can be earned out in test-tubes 

If after 10 transfers the bacteriophage does not show adaptation, the transfers 
are discontinued and started anew' with the same bacteiiophage but propagated on 
anothei strain, which is used also for the second ‘ feed ’ 

The historv of adaptation of one of our races of Ch <f>A is interesting as illustrating 
how the range of action of a bacteriophage can be increased In 1929 we possessed a 
race of choleraphage (Ch ^61A) recovered from a filtrate 11 months old (ice under 
‘ Stability (page 1186) It was the most virulent lace w'e had at that time, but 
its action was restricted to only about 30 per i ent of strains of V clioleice isolated in 
Patna and Calcutta A freshly isolated cultuie which w'as not lysed by this 
bacteriophage w'as taken and Cli </» 61A was adapted to act on it in the manner 
described above, and labelled Ch ^ G2A After this adaptation to a single strain, it 
acquired the power to l^se all the cholera strains (about 200) we had at oui disposal 
at that time the 30 per cent lysed by Ch ^61 A, and the lemaining 70 per cent 
This suggested the existence of two diftei ent groups of V clioleKB — one lysed by 
Ch<^6lA and the other not lysed by this bacteriophage but lysed by Ch^ 62A During 
the w'hole year no vibiios w'eie met with which w'eie not attacked by Ch^62A 
Later on a parcel of 25 freshl)' isolated cultures of vibrio was received ficm Madias 
and not one of these was sensitive to Ch^62A The adaptation procedure was 
started using batches of 6 of these cultures The adaptation to the first 6 failed 
even after 10 transfers Another batch of 6 cultures was taken and after 6 transfers 
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v\e obtained the clcaungb with onh out of tlum Aftei a few tiansfers on this 
vibrio the newly adiptcd race w'as tiled on all (he 25 pieMonsly resistant strains 
all of tlicm were lysed completely, imhuhxq tin sth of the fiut hatch and the 
live of the second, the ulaptation to wind) had it fiist failed The adapted race 
of bacteriophage w is libelled Ch ^ 63A Us vuulence agamst the other vibrios 
did not diminish Ri\ months latei 5 vibnos weic isolated at Puii duiing the 
Jaggarinth festivil, which were touched nePhci Ir^ Ch 4>GlA, nor bv Ch 4)G2A nor 
bj Ch Tlie ad iptation of the last to one of these Pun stiams of vibrios was 

suihcient to m ihe it active ig mist all of tlum During later } ears Ch ^ 64A was 
adapted to seven more vaiieties of vibiios without losing the virulence towards 
the rest of them and now is labelled Ch<^71A After adequate passages 
tlirougli cholera patients this race of Ch A is used m om mixture for piactical 
purposes 

So much for the ad iptation of bactenojihagL to the diffeient strains of the same 
species The question of the activity of a bacteriophage against the members of 
another genus is considciablv luoie complicated On the one hand it is a well- 
established fact that one bacteiiophage can act upon bacteria belongmg to diSerent 
genera a dvsenteryphage often attacks B coh and salmonellas, and so on On 
the other, the question of the possibility of adaptation of bacteriophage to bacteria 
belonging to widely different geneia is not yet settled, paiticularly after the recent 
publication of Beard (1931) d’Heielle, Sfalone, and Lahiri (1929) stated that 
usually Ch 4> is also active against B coh if tried on the strains of the latter isolated 
from the same patient Our lesearches m this direction made on about 200 
specimens of stools from cholera patients do not allow me to corroborate that 
statement I did not succeed in isolating one single race of Ch 4> which was active 
also against B coh Our technique m these investigations was as follows — 

The specimens of stools weie collected from a cholera patient soon after his 
admission to the hospital and then eveiy day as fai as possible Vibrios and five 
colonies of B coh were isolated from the first stool When no more stools were 
obtainable from tins patient, filtrates weie prepaied fiom all the specimens collected 
and were tested as to then activitj for auto-strains ’ of V cholerw and B coh The 
filtrates which were active against both weie each transferred separately on the 
same F cJwlacc&udB coh In the majority of cases as soon as the third transfer 
and not later than after 5th, tlie activity of the filtrate restricted itself to the 
organism on which it was transferred one transferred on V cholercB lost its activity 
for B coh, one transferred on B coh lost its activity for the vibrio This means 
that the filtrates of dual action actually contained two different bacteriophages 
Ch f and Coh ip 

However, on no account can I considei these expeiiments as conclusive Very 
soon after the beginning of our activities in the hospital at Pun where we collected 
the largest proportion of our material, the hospital was ‘ contaminated ’ with 
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our own bacteriophages, winch weie fieely distributed in the town amongst the 
pilgrims These bacteriophage races were not active against B coli but veiy 
virulent foi Y choleite, and could easily have suppressed the less virulent laces of 
bacteriophages naturally present That means that in the large proportion of 
cases we weie examining again and again our own bacteriophages, multiplied m 
the intestines of the patients, missing the ‘ natural ’ ones I am quite prepared 
to see that experiments performed in ‘ fresh ’ localities, where new races 
of Ch (p can be found, will enable one to find a Ch ^ active against B coh 
as well 

"We also failed in our efiorts to adopt oui Ch 0 0 as well as some freshly isolated 
ones to act on B coh Howevei, I think it of interest to mention one of the methods 
of adaptation we used It ma}'’ prove useful foi other investigations — 

The piinciple of the method ivas to influence the composition of a resistant 
bacteiial body in such a way as, on the one hand to make it approach to the com- 
position of the sensitive species, and on the othei to infiuence the composition of 
the sensitive bacterial body on which bacteriophage is piopagated, approaching 
it to that of the resistant, giving to the bacteriophage a chance of accustoming 
itself to the new substance 

For this purpose tAvo ‘ pine bacterial ’ media nere pxepaied A large amount 
of B coh culture on the one hand and V choJeiw on the other u eie obtained on the 
surface of agar, scraped (and not washed, to obviate the extinction of nutrient 
mateiial from the agar) and emulsified in saline Phenol red was added as usual, 
reaction brought to pH 6 8 to 7 0, and the emulsion distnbiited in small tubes by 
2 cc quantities and sterilized at 110°C foi 15 minutes In this way each 
medium had as nutrient mateiial only the bacterial substance 

V choleiCBweve cultivated on ‘ coli-mediiim ’, and B coh on ‘ cholei a -medium ’ 
In this way, making B coh assimilate cholera substance, and V clioleice the coh 
substance I tried to appioach the composition of the vibiio and B coh one to 
another Vibrios and B coh grew quite well, veiy soon making the medium strongly 
alkaline The technique of adaptation described above was used, but with smaller 
quantities of media and filtrate 0 5 c c of B coh growth on ‘ cholera-medium 
was added to 2 c c of ‘ choleia-medium ’ and inoculated with 0 05 c c to 0 5 c c of 
the previous filtrate After 4 hours, 0 5 c c of vibiio giown on ‘ coli-mediiun 
was added 

Two experiments of 20 transfers each failed to adapt two races of Ch <p A and foiu 
experiments also of 20 transfers failed to adapt a mixture of all five types of Ch0 to 
act on B coh (four varieties) These experiments also I cannot consider as conclu- 
sive 

Of similai order to the adaptation of bacteriophage to difl:eient strains of 
bacteria of the same species, is the pioblem of increasing the lange of activity of 
bacteriophage towards members of the same culture possessing difierent degrees 
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of sensitivity or of rcbistnuco The \\id‘i i misxc of action of ,i bacteriophage 
results m more complete and moie pcim.iiK nt lisis, as in this case bacteriophage 
destroib i huger proportion of a cultiiu 

I have ahead} mentioned the method of Hei t w and Gough (19 10) w ho inci eased 
the range of activit} by gradual adajitation lo numliois of the same eiiltuie moie 
and more resist int I iiai e do\ iscd the foiiov in^ methods foi the same purpose — 

d’Herelle noted long ago tint in sonn > ists tlm secondaiy growth can be 
spontaneously lysed ag.nn and b ieteiiopln«( in that case becomes more virulent 
We have noticed this also but ji irtieiil ul} in e ises wheie the bacteriophage culture 
uas filtered through a defcituc candle A giowtli appeand in the filtrate and 
was then sometimes ag.un spontaiieousl} lysed If filteied it vulded a bacterio- 
phage of inercised range of action Out of this obsuvation two methods were 
devised — 

(«) A very large amount of bacteiiophage (2,500 i c ) is prepared m a balloon 
and filtered through a candle hnowii to be defective The lest has to be left to a 
chance appearance of the giowtli in the filtiate and subsequent lysis The last 
did not happen often, but it is worth while to persist and repeat this experiment 
as, once it is successful, the increase in the lange of action of bacteiiophage is very 
pronounced 

(6) A large amount of bai teiiophagc suspension (500 cc) is filtered into 
2,000 c c of broth, using the same device as foi examination of large quantities of 
water Before filtration some 10 c c to 20 c c of bacteriophage suspension with 
secondary growth is put aside aud added to the flask after filtration A quick 
growth appears wduch is sometimes followed by lysis and we again can ascertain 
a considerable increase in the range of action If no lysis happens 500 c c from 
this flask is again filtered into 2,000 c c of broth to which this tune is added a 
large amount of ‘ normal ’ seusitive bacterial culture — some 100 c c The 
experiment is continued m this intermittent manner After one nitration some 
10 c c to 20 c c of saved secondary culture is added to the diluted filtrate, after the 
next 100 c e of sensitive culture, then secondaiy growth again, until a definite 
lysis of the ‘ secondary culture ’ is observed 

Another method is based on the observation that sometimes bacteriophage 
acts better on the surface of the agar than m a liquid medium This can be seen 
when a young secondaiy growth is spread in a continuous layer on agar After 
incubation in many instances it can be seen that some of the corpuscles of bacterio- 
phage are able to overcome the resistance of the secondary growth and produce 
‘ secondary ’ clearings (Plate LVI, fig 3) If these clearings are very numerous, the 
whole growth is scraped and washed away with broth, filtered, and to the filtrate 
a small quantity of the secondary culture is added If the ‘ secondary clearings ’ 
are not numerous, they are picked up into bioth in the same way as bacteriophage 
IS isolated from platings To the broth, without prehminary filtration, a small 
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amount of secondaiy gro-\vth is again added The process is repeated until a 
definite mciease m the range of action is found 

Stability op bacteriophage 

It is well known that some bacteriophages can be preserved in a filtrate for a 
very long time The best example of this w'as observed in Dr d’Herelle’s labora- 
tory'*' when an ampoule of d’Herelle’s original Shiga^, preserved since 1917, was 
opened in 1930 and it was found almost as active as at the time of sealing But 
it IS much less known that some bacteriophages are very unstable I have had 
quite virulent Ch</>0 which died out completely within a few' days Studying the 
stabibty of bacteriophage I came to the conclusion that, at least so far as it concerns 
Ch^, a freshly isolated Ch^A is extremely unstable, and can die out m a few days’ 
time I have fewer observations on Ch./.B and Ch^C but in general the former of 
these seems to be the most stable of all However, stability is a property of indivi- 
dual corpuscles and varies considerably not only from race to race but from one 
corpuscle of the same race to another The most important observation is that 
while a freshly isolated race is rather unstable, the same becomes more and more 
stable the longer it is cultivated under laboratory conditions In this way an old 
laboratory race of bacteriophage will be very stable and w'lll preserve its activity 
with little loss even for years 

This constitutes a problem which is not yet completely solved As I have 
insisted on so many occasions for practical application we must use bacteriophages 
as little influenced by our artificial methods as possible If we use freshly isolated 
races they will die out before reaching the patient We tried to solve the problem 
in the following way We preserved out laboratory ‘ educated ’ races of bacterio- 
phage for a ■very long period— many months Dming this period the less stable 
corpuscles were expected to die out, leaving the more robust ones These old 
bacteriophages w'eie then used for human passages which w'e considered would 
render them more natural It is true that this stable bacteriophage after these 
passages suffers some loss of stability, but it still remains considerably more stable 
than a freshly isolated ‘ natural ’ bacteriophage 

Estimation of activity of bacteriophage suspension 

As I have already stated we cannot measure the virulence of a mixture of 
bacteriophages of different types by the rate of multiplication Even in the case 
of a pure-line bacteriophage suspension where the virulence (individual piopert} 
of bacteriophage corpuscle) vanes from one eorpuscle to another, when w'e take 
the rate of multiplication as an indication of virulence we are to a certain extent 


* Personal communication by Dr V Sertio 
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stretching the truth, toivsiclcring the lati uUt mieil as the average virulence of 
corpuscles of that rate Inthe case of aniivtun of tvpCcwlioiotherate of multipli- 
cation varies so widely (fiom nx 10** to n\ 10* in i ase of Chi/)) it is useless to work 
out an average as it uill not convey anj* nieuiing and Mill not conespond to the 
actual action of the mixture 

But if Mc cannot measure the actual xiuiUiui of a mixtuie, we can compare 
the activitj of mixtures and can obtain an idea is to ivliich mixtiue is more des- 
tructive At present, until the technique of estimation of viiulence by the rate of 
destruction of bacteria is uoiked out, mc can estmiatr the activity of a mixture 
only by the rapidity and permanency of Bsis 

e use the follovving technique for determination of the activity of our mix- 
ture of Cln/ii/i prepared for field use — 

Standaids of liirbidily — The description of Ivsis b / a certam number of crosses 
as m the AVasserm inn leactioii is not sufficient as often we have to note very fine 
differences in the degree of h ais It is essential to have standaids of turbidity 
with which Me can compaie oui tubes The turbiditj standards prepared with 
barium sulphate alter Brown are not satisfactory for oui purposes as barium 
suspensions are definitely grayish in comparison with the bluish growth of 
V cholera in peptone M'a ter eprepaieoui standaids with the vibrios themselves 

The difficulty is m preventing the autolysis of the vibrio, which «oon appears even 
in formalinized cultuies "W e first prepare a veiv heavy milky emulsion of cholera 
vibrios by washing the agai growth with peptone water To this emulsion 1 per 
cent formalin is added and all is sealed in a large ampoule and heated 
at 80°C for half an lioui This prevents to a considerable extent further 
changes after the emulsion is properly diluted The dilutions aie then made 
using peptone watei as diluent with the help of Browm’s tuibidity standards 
(Burroughs "Wellcome & Co ) to contain 1x10**, 5x10®, 2 5x10®, 125x10® and 
6 25x10'* vibrios pei c c The first tube is labelled ‘ 0 ’, the second ' 2 ’, then 
‘ i ‘ 6 ’, and ‘ 8 ’ A tube with pure peptone water is labelled ‘ 10 ’ Ten c c 
of each dilution is put in test-tubes of the same size as those in which the activity 
test IS performed and the tubes ate sealed in the flame 

Activity test — The test is performed in 7 inches XO 75 inch tubes containing 
9 c c of 1 per cent peptone water One c c of 16 to 18 hours old culture of vibrio 
in peptone water is added and is inoculated with 1 drop of bacteriophage mixture 
At least 4 cultures are used for each investigation — 2 fleshly isolated smooth and 
two rough Our loiigli cultuies are so chosen that one is particularly sensitive 
to Ch^iB the other to Ch^C The observations of the lysis give a fairly good idea 
as to the activity of the mixture 

It IS to be noted that in this case we compaie equal quantities of bacterio- 
phage suspensions giving us an idea of the activity of the mixture and not of the 
virulence of the bacteriophage 



1188 


Studies on Oholeia Bactenophage 


Summary 

The virulence of bacteriophage is consideied as an intrinsic property of the 
bacteriophage corpuscle, and following d’Herelle’s definition is accepted as its 
power to develop within and at the expense of bacteria, causing then destruction 
The degree of virulence is considered the higher as multiplication and destruction 
IS more rapid 

The fallacies of the difieient methods for determination of the virulence of 
bacteriophage are discussed and a new vmilence test, based on deteimination of 
the rate of multiplication, is suggested It is shown that the new virulence test 
gives also other possibilities for the study of bacteiiophage properties The tech- 
nique of its varied practical applications is described 

The influence of environment on the propagation of bacteriophage and on its 
virulence are described and methods for its increase aie suggested 
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Chopba and De (1926 , 1926a) pointed out that it was not always possible 
to obtain the suitable species of frogs — Rana temporana, Rana pipcns or even 
R esculenta — for assay of digitalis preparations m India Besides this the seasonal 
variations in the sensitiveness of frogs are much more marked in tropical climates 
and these amphibia give widely divergent results These workers, theiefore, found 
the ‘ frog method ’ of assay unsatisfactory and discarded it entirely in favour of 
Hatcher and Brody’s ‘ cat method ’ With the latter method also they were much 
disconcerted by the fact that some preparations which gave very higli values on 
assay were found to be useless on therapeutic trial Chopra et al (1925) 
showed that the physiological activity of tinctures of digitalis deteriorates rapidly 
in warm climate such as that occurring m India hen tested by the ^ cat method ’, 

m which the diluted tmeture is given intravenously, such tinctures may kill 
the animal with a small minimum lethal dose and thus show high activity , yet 
when tested by the guinea-pig or the frog method, in which the drug is given 

( 1189 ) 
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subcutaneously, they show a maiked reduction in their potency Some chemical 
changes, so far undetei mined, take place in these tinctures which decrease the 
quantity of therapeutically active glucosides, leaving the toxic elements unafiected 
It should be undeistood that Hatcher and Brody’s (1910) method and some of its 
modifications, give an indication of the amount of active pimciples of digitalis that 
aie lethal to the ammal It is b) no means certain in the tiopics that the active 
principles which produce death aie the glucosides which cause therapeutic eftects, 
though in fleshly piepaied tinctuies thoie is a distinct relationship between 
the two Samples of tinctuie, which in small doses are quite strong enough to be 
lethal to cats when given intravenously, aie useless when administered by the 
mouth to man 

For these leasons the senioi authoi (B N C ) introduced a modification of 
Hatchei and Brody’s ‘ cat method ’, in which besides the lethal dose, some other 
indications of physiological activity can be gathered A short description of this 
method foi leacly lefeience wull not be out of place heie 

]\Hthod 

The animals selected are healthy cats w eighing betw een 1 ,600 to 2,500 grammes 
These are starved foi 12 houis befoie use and are anaesthetized by intrapeiitoneal 
injection of 0 18 to 0 2 g of chloietone pei kilo body-weight dissolved m a few c c 
of alcohol , the animal goes under deep aiuesthesia in 20 to 30 minutes Arresthesia 
can also be induced by giving chloralose by a stomach tube, the ammal getting 
under deep anaesthesia in 1^ to 2 hours The tinctuies aie diluted with nine parts 
of physiological saline solution and physical chaiacteis of the solution are carefully 
noted The assay is caiiied out in the usual manner, the injection being given in the 
femoial vein at a regulai and unifoim late of 1 0 c c of the diluted tincture pei 
kilo body-weight in 3 to 5 minutes The solutions should always be filtered through 
a pledget of cotton-wool placed at the botton of burette before injection 
into the femoral vein The animal is closely watched, the heart is carefully 
auscultated with a stethoscope eveiy few minutes and any changes in the 
character and frequency of the ihythm are noted and the beats pei minute 
recorded From an analysis of the data thus collected, it is possible to form an 
idea of the physiological activity of the preparation apart from its toxic eftects 
In carrying out assays by this method, special attention should be paid to the 
following opints — 

1 The amount of tincture required per kilo bodv-weight to produce a well- 
marked slowing of the heart 

2 The degree of slowing 

3 The total duration of slowing oi digitalis action 

4 The time required for the completion of assay and the total amount of 
tincture per kilo body-weight necessaiy to produce lethal eftects 
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It should be noted that no single f.ictoi mentioned above gives a tine concep- 
tion of the potency of the tinctiuc All foiii points should be taken into considera- 
tion in conjunction with one another 

The average rate of heait-bcit ui cats ancstheti/ed with chloialose vanes 
from 150 to 180 per minute The first effect of injection is an increase of 10 to 15 
beats within a few minutes, but then the beats begin to slow dow n and the minimum 
IS reached m 20 to 30 minutes The sounds duiiiig this stage are cleai, loud and 
forceful The duration of slowing, which is an indication of physiological action of 
digitalis, IS 15 to 30 mimites after which the rate is again quickened The sounds 
heuceforwsard become weak at hist and later muffled and indistinct , the beats 
become irregular, feeble and at this stage the administration of digitalis should be 
stopped 

ith good physiologically active tinctures the fiequencv of the heart-beat 
falls perceptibly wuth about 2 5 to 5 c c of the diluted tincture per kilo bodv-weight 
and the degree of reduction is considerable The reduction may be as much as 50 
beats or more per minute but at an average it is not less than 20 beats per minute 
with active tinctures The tune required for completion of the assay is about 1 to 
labours Incaseof weak tinctures, as a rule, more of the diluted tincture is required 
per krlo body-weight to produce slowuug, or digitalis action, and the degree of 
slowing and its duration are less as compared with tinctures of standard strength 
The time taken to complete the assay and the amount of tincture used are also 
larger 

As regards the physiological activity of tinctures which havq become toxic 
on account of climatic conditions, it is very difficult to form any accurate idea 
That a tincture has become toxic is shown by the fact that the whole course of assay 
IS altered The slowing, if it is produced at all, sets in rapidly, its duration is short, 
the assay is completed and the animal dies in a much shorter time, i e , considerably 
less than an hour Here the physiological effects produced bv the glucosides on the 
heart muscle become overshadowed by the toxic effects 

It may be observed that though cats are readily procurable in Calcutta, a very 
careful selection should be made before they are actually utilized for standardiza- 
tion experiments Many of the cats brought to the laboratory are diseased and are 
unfit for assay work Besides, many ammals show abnormal individual variations 
Thus the rate of heart-beat, the slowing produced and the lethal doses vary with 
the sex, colour and season Tiger cats and those which are jet black in colour are 
resistant to digitalis group of drugs both as regards the slowing produced and the 
lethal dose Bemale cats are easily baited, being more domesticated but when 
pregnant and lactatmg they are abnormally resistant and unsuited for this work 
y The animals weighing leas than 1 5 kilos and above 3 kilos are also not suitable and 
'' should be discarded All animals used for assay purposes should be kept under 
observation for 2 or 3 days and should be starved for 12 hours before assay 
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Frequently it is possible to complete the assay of a prepaiation with one animal 
only With a little practice it is quite easy to tell fiom the variations in the charac- 
ter of the sounds, slowing of the ihythm, duration of slowing, etc , whether the 
preparation is physiologically active or otherwise If, however, unsatisfactory 
results aie obtained, a second animal must be used to confirm these results If the 
results obtained fiom the first cat can be confirmed by the second, there is no 
necessity foi fiuther trials, but if they aie discordant, a thud animal must alivays 
be used to give a final verdict 

Good samples of tinctuies of digitalis have a sweet and slightly aromatic odour 
when diluted 9 times with normal saline , they are slightly opalescent and have a 
bright greenish yellow colour In the majority of cases the physical appearance 
of the diluted tincture, as has already been stressed before, gives valuable informa- 
tion as to whethei it is physiologically active oi has deteiioiated Those having a 
deep gieen, blackish blown or muddy colour with floating particles are usually 
below pa) and not unfreqiiently toxic Such changes, though not common in 
tinctures stoied in tempeiate climates, frequently occiu under tropical condi- 
tions 

The results obtained by this method have been carefully checked by therapeutic 
trials of tested tinctures on patients sufieiing from cardiac disease, the amount of 
tincture required to get a patient undei digitalis eflect being the ciiteiion of its 
potency This clinical tost gives the most leliable mfoimation i egardmg the physio- 
logical potency of a tincture The aveiage dose of a good active B P tinctuie 
requued to get a patient undei digitalis efl:ectb is 15 c c (I drachms) per 100 pounds 
(50 kilos) of body-weight m 36 to 48 hoius AVith weak tinctuies both the dose 
and time are considerably increased 

Our object in this paper is to show that the results obtained with this method 
run practically parallel with the standard methods of assay presciibed by the League 
of Nations Standard digitalis powder prepared by Piofessor Magnus according 
to the directions of the Fust International Conference on Biological Standardization 
(1923) was obtained from the National Research Council, Hampstead, London 
The M L D of this powder for cats is 89 7 mg per kilo body-weight, i e , 1 0 g 
of the powder represents 111 fatal cat doses This powder is intended to be the 
basis for working out the standards in different countiies and the recommendation 
IS that ‘ only such leaves shall be passed for issue which difi:er fiom the standard 
preparation by not more than 25 per cent ’ From this powder an infusion was 
prepared accoidmg to the method of the Dutch PharmacoptBia, 1 0 g of the powdei 
being dissolved in 200 c c of distilled water and raised to 90°C for 15 minutes and 
then filtered This solution represented 5 mg of the standard digitalis per c c 
This was made iso-tonic by adding sodiunr chloride, cooled and kept in the dark at^^^ 
a temperature of about 10°C to 15°C The solution was freshly prepared every 
third or fourth day to avoid chances of deterioration With this standard solution 
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\sc cuefuUy xssajcd teu lats t\lvcnat lamloBi v/vtlAout selection The followmg 
t ible gives a summary of tlio results obtained — 


Tablu 1 





Di \aai 

fNTFlU \L 

Slowing of 
heal t beats 
per minute 

M L D of 
digitalis in mg 


ScK, chaiacter and wci'Iit of cat 


Honrs 

Mmiitos 

per ]>ilo bodj 
weight 

6 mg = 1 c c 
of infusion 

1 

reiimlo 

1 740 s 

> 

10 

40 

57 5 

2 

Milt, white and brown 

l,7dO „ 

1 

12 

20 

68 0 

1 

Male, white 

1,SS0 , 

0 


16 

63 5 

4 

Female, white and Iilaok spots 

1.900 „ 

1 

20 

60 

65 35 

I 

Male, white 

1,077 „ 

I 

10 

2S 

62 5 

G 

Male, white and blacl 

1,42 > „ 

1 

5 

10 

68 20 

7 

Female, brown and white 

2 010 , 

1 

25 

68 

74 5 

s 

Foiualo, tiger snots 

2,290 „ 

1 

45 

20 

74 0 

9 

Female, white 

1,627 . 

1 

30 

20 

80 0 

10 

Female, white and hlai t 

1830 „ 

0 

50 

20 

50 0 


AVFRS.QI'S 

1 868 5 

1 

18 

30 2 

66 35 


A perusal of Table I will show that the leduction was poor m numbers 3 and 6 
This was probably due to variations in the sensitiveness of the animal as the cats 
i, 5, 7 and 8, done witli the same solutions, gave satisfactory reduction 
According to Burn (1928) the lethal dose must be calculated as the average of several 
experiments and slowing of heart-beat in oui experiments was calculated in a similar 
way The average must approximate more closely to the true value as the number 
of cats IS increased The average death interval in this senes was 1 hour 18 mmutes , 
the average slowing of the heart-beats 30 2 per minute and the average lethal dose 
66 35 mg of the digitalis leaf per kilo body-weight of cat The M L D for Indian 
cats from this series would appeal to be considerably smaller than the average for 
European cats, i e , 66 35 as compared w'lth 89 7 mg pei kilo body-weight 

In Table II we have given the results of assay of 163 tinctures of digitalis earned 
out by this method in our own laboratory It will be observed that 123 tinctures 
were passed as being up to the B P standard and in these the average reduction 
111 the number of beats amounted to 42 5 per minute (as compared with 30 2 of the 
standard international digitalis leaves in Table I) The aveiage death interval 
J, MR 18 
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was 1 hour 11 minutes as compared with 1 hour 18 minutes and the average lethal 
dose was 60 04 mg per kilo body-weight as compared with 66 35 mg of the standard 
international powder (Euiopean standard 89 7 mg ) The low figures in both cases 
might be due to the development of toxic changes 

Table II 


! 

Preparation tested 

Total 

number 

of 

samples 

assayed 

A\ erage 
n eight 
of cats, 

<T 

a 

Average 
lethal 
dose per 
kilo of 
bodv- 
M eight, 
c c 

Sloping 
of heart- j 
beais per 
minute 

Death 

I^fTEBVAL 

M L D 
of 

digitalis 
in mg 
per kilo 
bod3 
weight 

5 mg = 
Ice" of 
infusion 

Hour 

Minutes 

National standard 

10 

1,868 5 

13 2 

30 2 

1 

18 

66 35 

Up to the B P standard 

123 

2,01 1 

11 36 

I 42 5 

1 1 

1 

11 

GO 04 

Below B P standard 

40 

1,918 7 

11 92 

! 

15 9 

B 

1 

1 

60 52 

1 


Of the 40 tinctures which weie not up to the B P standard, the average slowing 
of the heart-iate was 15 0 beats pei minute and the death interval was 1 houi 
1 mmute These tmctures were declaied below standaid, although the lethal dose 
was 60 52 mg per kilo body-weight, which according to the ordinary cat method 
would be up to standard Oui conclusions, however, were supported by the fact 
that m this group the whole course of assay was abnoimal and showed that there 
was something wrong with the preparations under test Many of these tinctmes 
showed physical changes in then: appeaiance and the lethal interval of only 30 to 45 
minutes indicated toxic changes Eighteen out of forty showed little oi no slowing 
of the heart-beat , these tmctuies were evidently weak as the death interval was 
long and the lethal dose was high 


SUMMABY 

It wiU be seen from what has been said, that it would be very difficult to carry 
out biological assay of digitalis preparations in the tropics with any degree of 
accuracy, if one adhered to the methods and standards laid down m temperate 
climates Of the two methods recommended by the Health Organization of the 
League of Nations the fiog method has been foimd to be unworkable in practice, 
at least m Calcutta The cat method as ordmarily used has also its limitations 
as it gives no idea regardmg the tinctures which have deteiiorated and become 
toxic Chopra’s modification of the cat method described in this paper, gives a 
satisfactory mdication of the physiological activity of the preparation The results 
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obtaiued m a 'icricb of IG.l tinctures i an practically parallel with the other standard 
methods ^\vth the additional uhaiitage that a fair indication of the physiological 
activity could be gathered apart fioni the U thal do&c 

It IS also necessary to foriniilate fresh standards in India For instance the 
uiiuimiim lethal dose of the staiidaid digitalis poudei foi European cats per kilo 
body-iveight is 89 7 mg , while in a senes of 163 prepaiations examined in Calcutta 
it worked out as 60 26 mg per kilo body-weight with the Indian digitalis leaf M ith 
the standard digitalis leaf it was 66 35 mg pei kilo body-weight m 10 animals, that 
isl Og of thcleaf lepresented 14 9 fatal eat doses instead of 11 1 The cats obtained 
m Calcutta appeal to be more susceptible to the toxic effects of digitalis and it is 
likely that there may be smiilai variations in different parts of India The pharma- 
cologital laboratories carrying out assay woik should tlierefoie work out then 
own standard before undei taking this class of work 
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Intboductoby 

Thb present investigation was undertaken to examine how far the complement- 
fixation test IS of value in the diagno'us of infections with Wucherena bancrofti 
■\Vhile we have found that the test is of distinct value for this purpose, it is probable 
that the main interest of our results will lie in then application to the general patho- 
logy of filariasis 

The bterature of the subject is very lunited The earliest studios on the 
immunology of filariasis wore those of Taliaferro and Hoffman (1930) who worked 
out a dermal test using as antigen extracts of Diroflaria vmmitis obtained from 
the dog The outstanding feature of Taliaferro and Hoffman’s work was that the 
occurrence of a dermal reaction was demonstiated in persons with microfilariae 
in the blood as distinct from cases of clinical filariasis The first work on comple- 
ment-fixation in filariasis was that of Fairley (1931) who also used an antigen pre- 
pared from D immitis In a senes of seventy cases Faiiley obtained eleven positive 
reactions Six of these were in cases of Loa loa from the West Coast of Africa 
Four were cases of active oi latent infections with W bancrofti Of these four, 
only one was suffering from a fihirial condition alone, the remainmg three suffermg 
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also from syphilis, kala-azai and caicmoma respectively AVe do not see particulars 
of the remaining positive case Of fifty-nine cases which yielded a negative reaction 
only three appeal to have been cases of TV banoofti infection, all being old cases 
Excepting one case of Onchocerca mhulus, the remaining fifty-five cases were non- 
filaiial conditions which included a number of othei helminthic diseases The 
inclusion of these lattei is useful as a contiol The senes of TV hancrofti mfections 
examined appeals therefore to have been one of eight cases, of which five reacted 
positively and three negatively In a discussion on a paper by O’Connor (1932), 
Faiiley is reported as having stated that ‘ Eegaidmg the complement-fixation 
reaction with Diwfikoia tmnniis antigen, though this is almost always strongly 
positive in Loa loa infestation, it has yielded disappomting results in a considerable 
number of sera collected m India from patients showing microfilariae, only five 
out of twenty-three cases yielding positive results Dirofilaiia extract theiefore 
cannot be regarded as a satisfactory antigen for detecting circulatory anti-body 
in filaiiasis ’ 


Methods. 

Eoi the complement-fixation tests in filaiiasis we have employed the Wasser- 
mann technique which has been in use in the Imperial Serological Department, 
Calcutta, for many years, modified as to dosage of reagents as was found necessary 
for this particular purpose As antigen we first used alcoholic extracts of powdered 
dry D imnntis Later we attempted unbiiccessfully to enliance the sensitiveness 
of this antigen by the addition of cholesteiol Subsequently, we earned out the 
tests with two antigens side by side, viz , (1) the plain alcoholic extract of D imimtts 
as above, and (2) an antigen derived fiom the acetone-insoluble lipoids of D imnnhs 
obtained by exactly the same process as that used by Bordet and Eiielens m 
the preparation of then well-known antigen for the diagnosis of syphilis by the 
AVasseimann leactioii Expeiience with complement-fixation in tuberculosis and 
other diseases has indicated that the moie specific lipoids aie to be found in the 
acetone-insoluble fi action and we have been very satisfied with the results obtained 
with this lattei antigen, which is undoubtedly to be preferred to the plain alcoholic 
extract AVe may remark that D imnnhs, though not the cause of human filariasis, 
IS the only worm of the filaiial family which is obtainable in quantity, and theiefore 
we have no choice but to use it In the ciicimistances the test could not be expected 
to be more than a group reaction for filaiial infections generally AA''e shall return 
to this point latei 

Eoiitine examination of all filaiial cases, both clinical and of the stool, is 
necessary to estimate how far an eosinophilia may be due to the presence 
of other helminths The percentages given in this paper foi the difterential 
white counts were based on counts of a minimum of three hundred 
leucoevtes 
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Scries c\ imincd 

The senes of cases oxaramed nas at fiist entnely i.uselected, except that as 
fai as possible i\c excluded cases m which othei diseases were also present Later, 
when lb became evident tliat old cases of elephantiasis almost always yield a negative 
reaction, we ceased to exaniine these and coneentiatcd on the examination of the 
more acute types The complement-fixation tests earned out by us were one 
hundred and sevent} in nnmbei pei formed on a series of one hundred and four 
cases as detailed in the subjoined table Of these, eighty-nine were conditions 
due to IF banciofti infection, the remaining fifteen cases being infections by other 
helminths examined as controls The classification of the filaiial cases examined 
into dinical h pcs is necessanh very rough, since there is much overlapping, and 
even in the same case one tj pe of lesion may prepondeiate at one time and another 
at another The difhcult^' is greatest in deciding whethei to regard a case as one 
of chronic elephantiasis or of acute lymphangitis, since acute attacks are constantly 
superimposed on the chronic conditions The criterion we applied was to regard as 
acute cases those m which we w'ere able to examine the blood during an actual 
attack AMiere more than one tvpe of lesion was present we classified the case 
according to the most prominent lesion AYliile the clmical differences shown 
m Table I must bo regarded as broad distinctions only, it is, we thmk, useful 
as mdicating the clinical types in which the positive reactions aie chieflj' 
found 

It will be seen that old cases of elephantiasis without evidence of lecent attack 
practically alw^ays yield a negative complement-fixation reaction The same is 
true of a type of slowly dev elopmg Ijonphangitis of leg which is common in young 
women in Calcutta These are not old cases, but a swollen leg gradually develops 
without any acute attack The blood count in both these types shows neither 
eosinophiha nor leucocvtosis, being ordinarily normal As regards the more acute 
types, acute cases of filarial lymphangitis which seemed similar clmically reacted, 
some positively and some negatively, to the complemept-fixation test in a manner 
which was at first sight very puzzling In contrast to some acute cases which 
yielded a negative reaction we have found seveial in which the attack was distmctly 
sub-acute, but which yielded a strongly positive reaction The reason for the 
varymg result of the complement-fixation reaction in this type of case was made 
clear when the blood counts were examined IFhile there are some cases, even 
acute cases, of lymphangitis which show no blood changes at all, and others m which 
the only findmg is the eosinophiha chaiacteristic of the preceding symptomless 
phase of microfilarice in the blood, both these types being associated with a negative 
complement-fixation reaction, the mam bulk of the acute and sub-acute cases fall 
into one or other of two types which are associated with quite distinct blood pictures 
In the first, which we have termed the toxic type of attack, the finding is a positive 
complement-fixation reaction associated with an eosinophilia, the total white 
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Table I 


Analysis of results 

Result of the coniplemenl-fixahon test in mnous types oj^ fikuiiisis and othei 

helminthic infections 



Positive 

Negative 

Total 

A Conditions due to 

Elepbautiasis 

W banoofti infection 

2 24 

26 

Cliyluna 

3 

2 

0 

Intonuitteat Iiocmatuna 

0 

1 

1 

Superficial lymph, vances 

0 

5 

o 

Acute and aub acute attacks of lymphangitis 

10 

17 

27 

Filarial ferei 

1 

1 

» 

1 

2 

Slowly developing cases of lymphangitis leg, not 
old* c vses but no attack 

0 

4 

1 

Hydiocele and cv^t cases 

4 

0 

10 

Lymphadenitis 

o 

0 

2 

Unclassified 

1 

0 

1 

Filarial infestation 1 0 

’ 1 

1 

G 

6 

Toi VLS ) 

23 

6b 

89 


B Conditious not clue to TF baiiciofti 


Guinea worm 

3 

1 

4 

Hookworm 

0 

10 

10 

Tape woim {Tceiua sagmata) 

0 

1 

1 

Totals 

3 

12 

1 

16 

Grand totals 

26 

1 78 

104 
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count and the percentage of pol}niioiphonucleai leucocytes bemg within normdl 
Imiits In the second, winch we have termed the septic type of attack, we find a 
negative compIement-lii.atiou leaction with little or no eosmopliilia, and an 
increase both in the total white count and in the polymorphonuclear percentage 
The difiereuces between the two t}pes of blood pictiue are on the whole sur- 
prisingly clear cut, though a minoiity of cases show a mixed type of response, e g , 
a positive complement-fixation reaction associated with a polymorphonuclear 
leucocytosis One of our cases was examinefi duiing two acute attacks During 
the first attack a mixed type of response was met with During the second the re- 
sponse wMs of the purely septic type Attacks of the toxic type are not hmited to 
the early stages of clinical filariasis, since we have found the positive complement- 
fixation reaction in cases with as much as four years’ history of repeated attacks 
We may remark in passing that m the cases examined by us the leucocytosis was 
never very maikcd Even in those exhibitmg a purely septic type of attack the 
total white count seldom exceeded eleven to twelve thousand per c mm Clinical 
appearances do not indicate with anj'' certainty which type of attack is occurring, 
though the septic types tend peihaps to be the more acute The toxic type of 
blood picture wdiilc oceuiiiiig in acute conditions of superficial lymphangitis 
indistinguishable fiom those caused by septic attacks, is found also in sub-acute 
inflammations such as some cases of hydrocele and in chyluria These clinical 
types do not ordinarily exhibit any acute symptoms to which the term ‘ attack ’ 
could be applied 

We have performed repeated complement-fixation tests on those cases 
showmg a positive reaction in order to see how the latter behaves in relation to 
changes m the clinical condition In all such cases which show a climcal ‘ attack ’ 
of lymphangitis the positive reaction regresses to negative as the attack passes oft 
The basis of this statement is the result of complement-fixation tests performed 
on the ten positive cases shown m the table under the headmg of acute and sub- 
acute lymphangitis 

The five cases of chyluria exammed all show ed very definite eosmophiha, though 
the complement-fixation leaction was only positive in three The condition of 
chyluria commonly remains unchanged for long periods, but some cases do show 
slight clinical changes, at any rate m the amount of chyle discharged m the nrme 
In one of oni cases we happened to hit off a period during which the reaction while 
strongly positive originally weakened almost to a negative, the cbmeal condition 
bavin" meanwhile practically cleared up In anothei of our cases the chyluria is 
becommg steadily worse, and the complement-fixation reaction remains strongly^ 
positive "i^Tiether the complement-fixation reaction is positive or negative, the 
eosinophilia is always very definite in chyhu'ia Some cases of hydrocele also yield 
strongly positive reactions In this type of hydrocele the eosmophiha is invariably 
marked One very interestmg case m which we were able to study the effect 
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of emptying the hydrocele upon the blood findmgs has provided important 
indications, and we reproduce tlie observations in extenso in Table II — 


Table II 


Dale 

Comple- 

ment 

fixation 

reaction 

Total 

whites 

Eosino 

phils 

Polj- 

morpli 

percent- 

age 

Presence of 
mierofilaritD 

Other 

helminths 

Chnical, 

27-10-32 

-{--f-t- 

(niglit) 







28-10-32 

-H t--l- 
(day) 

9,500 

G 

70 

-f- in blood 
-j- in hydro 
cele 

Hookworm 

ova 

Double hydrocele 
No acute symp- 
toms 

14-11-32 


9,400 

8 

73 


i 

! 


17-11-32 


10,200 

U 

65 




19-11-32 


8,100 

10 

70 




21-11-32 

1 

+ 


1 

! 

j 


1 


22-11-32 

1 

1 

7,900 

11 

bS 


1 

Hydrocele tapped 
(completelv 
emptied) 

23-11-32 


I0,‘]00 

1 

12 

05 




26-11-32 

! 

1 

0,100 

11 

65 




13-12-32 

• 








The position here is that a case of hydrocele which has shown no clinical change 
yielded three positive complement-fixation leactions before the hydiocele was 
emptied Twenty- two days aftei emptying, the reaction was negative It is 
evident that the antigenic factoi foi the complement-fixation reaction has been 
removed by the tapping It will be inteiestmg to see if the positive i eaction returns 
when the hydrocele refills It will be noticed that the eosinophilia is unaffected by 
the tapping, but it is uncertain how far, in the present case, this is dependent on the 
filarial condition, since hookworm infection was also present, and the attempts 
made to eradicate the hookworm infection were not particularly successful 
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Discussion 

The fact that lu those cases of acute aiul sub-acute lymphangitis with a positive 
compleineiit-fixatiou leactiou the leactioii becomes negative as the attack passes 
off, combined witli the ciicumstance that the leaction of persons suffering either 
merely fiom nucrofilance in the blood, so fai as examined, or from elephantiasis — 
the two extienies of the disease — is negative, suggests that the positive complement- 
fixation reaction is an irannuiity lespoiise cluiacteristic of the attack, i e , that 
this type of attack is dependent on lekases of filarial toxin It would also seem 
probable that this type of attack is piecipitatid by releases of filarial toxm which 
are, presumably, too great to be dealt with b\ the eosinophilia which is the typical 
response in the pieliminar} phase of symptomless invasion of the peripheral blood 
In shoit, the lesiilts of the complement-fixation test, considered with the blood 
counts, indicate that there aie two causes of attacks of filarial Ijnnphangitis 
(i) filarial toxin, and (w) supeiadded sepsis In the latter, increased releases of 
toxin probably play little pait As regards the latter type we have not touched 
the bacteriological side, but we assume septic infection to be present from the 
nature of the leucocytic response We see that both these causes may at tunes 
operate together to produce a mixed type of response 

If we consider along with our own results the observation of Acton and Sundar 
Rao (1929) that eosinophilia is more characteristic of the preliminary stage of 
symptomless invasion of the peripheral blood than of the clinical filariasis which 
follows later, and the work of Taliaferro and Hoffman which showed that the dermal 
reaction against D immitib antigen mav be obtained before symptoms occur, and 
the fact that this lattei reaction is almost certainly of an anaphylactic nature, we 
can obtain some insight into the immunological lesponses occurrmg in man against 
the W bancrofii infection As stated, eosinophilia is particularly associated with 
the eaily stage of symptomless invasion of the peripheral blood It is also met 
with in anaphylactic shock The obseived phenomena accordingly suggest to us 
that the sequence of events is probably somewhat as follows — 

The immunological responses to thetoxm in the early stage are, firstly, anaphy- 
laxis and, secondly, an increase in the eosinophil output w'hich is not limited to the 
peripheral blood since v ast quantities of eosinophil cells may congregate round 
the adult worms The anaphvlactic reaction, which is the most sensitive of all the 
humoral immunity leactions, appears first, being induced, we assume, by gradual 
small releases of filarial toxin whose products are probably disposed of in some way 
by the eosinophil cells During this early stage the less sensitive complement- 
fixation reaction does not detect toxin leleases It is the usual immunological 
experience that anaphylaxis is the thaiacteristic response when the dose of antigen 
IS small, complement-fixation and specific precipitation being the responses when 
the doses of antigen are laiger The development of a positive complement- 
fixation reaction during an attack of lymphangitis and its disappearance when the 
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attack IS over probably imply that larger releases of toxin have occurred wbicb have 
temporarily evoked a further stage of immunization We should accordingly expect 
to find that the eosinophiha, so characteristic of the preliminary phase, would con- 
tinue during the further stage of immunization represented by the positive comple- 
ment-fixation reaction With a single exception we have invariably found this 
to be the case The association with miciofilarise in the peripheral blood is naturally 
less close, since circumstances may exist which permit fluid leakage mthout escape 
of miciofilaiise Probably the type of attack which supervenes and the presence 
or absence of eosinophiha are largely dependent on the degree of closure of the lymph 
channels and the amount of damage caused thereby As stated, three cases of 
chylmia out of five examined have shown a positive complement-fixation reaction 
and all showed marked eosinophiha In chyluiia the closure of the lymph channels 
IS never more than partial, and circumstances are presumably favourable to large 
releases of toxin continuous or mtermittent 

In view of the evidence we have adduced that some cases of acute and sub- 
acute lymphangitis are due to increased releases of the filarial toxm, we have to 
consider what possible explanation there may be of the fact that in fairly quiescent 
conditions due to W hanciofti, such as chyluria and some cases of hydrocele in which 
‘ attacks ’ do not ordmaiily occur and in 11111011 clinical changes are inconspicuous, 
we frequently find the blood changes (eosinophiha plus the positive complement- 
fixation reaction) which in other types of clinical filariasis due to this parasite are 
only met with during an attack This raises the question whether the anti-body 
demonstrated by complement-fixation IS of apiotective nature or not This is a 
difficult point, but the disappearance of the anti-body when the attack is over does 
not exclude its being so, since in syphilis the anti-body disappears, though not 
usually in this instance without treatment, and it is now believed that the Wasser- 
mann leaction is a specific anti-body reaction, the anti-body resulting from aato- 
immunization against the products of bieakdowm either of the tissues or the 
parasite or of both 

We have spoken of the antigenic factor in filaiiasis as ‘ toxin ’, but we do not 
know that the poisonous excretion from the worm has any close relation to those 
products of bacterial activity to wdiich the term ‘ toxin ’ is ordinarily applied The 
absence of eosinophiha diuing the early stages of bacterial invasions possibly implies 
that the two types of poison are chemically different The connection betw een the 
various types of anti-body is at present obscure, but we may remark that the 
diseases m which an effective anti-toxin is available are not those in which 
complement-fixation is most piommeut 

If the view we have put f 01 ward above as to the stages of immunization in 
W banc) of ti infections is correct, it would seem likely that in the type of case 
represented by chyluria, where the lymph channels are still freely open, large releases 
of toxin may occur without producing any clinical attack, the body havmg acquired 
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a tolerance to these, and that attacks of peripheral l3Tnphangitis in winch the 
compleineut-fixatiou icactioii is positive are caused by a sudden increase in the 
toMu released in areas where toxin releases are normally small, i e , in areas where 
the lymphatic blockage is extensive The distinction is of course not a sharp one 
as serious exacerbations are not rmlvnown in cases of chyluria We have also seen 
that cases of chyluria sometimes react negatively to tlie complement-fixation 
test This may possibly mean that the dischaigcs of toxm are intermittent in 
such cases 


The frequent occurrence of a positive complement-fixation reaction in chyluria 
may probably be associated with Faiiley’s finding that in a series of six cases of 
L loa infection every one gave a positive complement-fixation reaction with 
D immiiis antigen Tlie regulaiity of the positive reaction in L loa is presumabh 
due to the fact that this paiasite lives in the subcutaneous tissues and produces n 
lymphatic obstruction Our finding that of four cases of guinea-worm infection 
three gave strongly positive reactions, which were still positive mne months later 
IS probably to be interpreted in the same way All four cases of guinea w ’ 
disease showed very definite eosinophilia This is exactly the same as the findmo- 
chyluria, i e , tlie eosmophilia is always present whether the complement-fixafa 
reaction is positive or not 

From the nature of the antigen used it is not to be expected that the compleme 
fixation test will be able to distinguish between infections by W bancrofh and th" 
allied Dracuncuhts medinensis On the other hand, it seems likely that the t ^ 
will prove valuable in guinea-worm disease It may even prove more valuabi 
guinea-worm disease than m filanasis due to W bancrofh Cases of guinea 
disease are very hard to come bj m Calcutta, and this test should be taken 
those working in endemic areas, not onH as a means of diagnosis, but also b^^ 
it seems likely that a careful study of the immunology of grunea-worm disease 
yield results which wiU have important applications to the more complicated ^ 
infection with W bancrofti It is interesting that while the lipoids of tie Biro^ 

antigen are highly specific, they yet by then group reaction afford serological 
in support of the relationship between the two parasites [W haher ~ ~ 

D 7nedi7iensis), — a relationship which is based on morphological characi-- ^ 

One very interesting case showed the toxic type of response m a par 
five years’ historv of lymphangitis of sciotum with abscess with peuc ~ 

Two cysts were also present, one in each axilla These were excised^ 
contain adult worms After the excision microfilariae appeared m t -- 

the first time, the previously positive complement-fixation reaction 1 ^ r*~ 

and the eosinophilia of 10 dropped to 4, even though hookworin ou -- — 

This result strongly suggests that the cysts were the antigenic fsc-- - 

since on their removal the complement-fixation reaction becam- " 

not likelv that the filarial abscess was the antigenic factor, since ^ - — 
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were dead This case, without the complement-fixation findings, has been 
published by Sundar Eao (1933) 

It will be recalled that in the rather similar case lefeiied to eailier m this paper, 
in which emptying of a hydiocelo changed the complement-fixation reaction from 
positive to negative, there was no change in the eosinophilia In both the cases 
hookworm infection was also piesent, and we cannot evaluate the effect of surgical 
treatment of the antigenic factoi upon the eosinophilia due to filaria until cases 
are available which are free fiom infections with other helminths 

The clinical phenomena pioduced by infection with IF hnnciofli are peculiar in 
that they largely consist of the residts of lymphatic obstruction which ultimately 
leads to the partial oi total exclusion of the antigenic factor from the general 
circulation In such circumstances we must not expect that a serological test 
could be devised which could diagnose all stages of the disease In many of the old 
cases of elephantiasis it is piobable that the worms eventually become completely 
waUed off from the circulation, thus eflectualh' preventing any antigenic action 
As we should expect, eosinophilia is entirely absent in such cases 

Diagnostic use oe the complement-fixation test 

It seems that the test will be of value in the examination of filarial conditions, 
moie particularly in the detection of those cases of lymphangitis in which vaccines 
are not likely to be successful It may also be useful in bringing to light cases of 
latent filariasis A positive complement-fixation reaction is more valuable than 
the associated eosinophilia, since the latter may be due to other helminths, while 
the former is obtained only in filarial infections The test Avill consequently reach 
its highest usefulness in countries where helminthic infections are very common 
Since D tmmiHs is not the cause of human filariasis, the test cannot be expected 
to be more than a group reaction for filarial infections generally, but, as the number 
of species in any one country is limited, this is not an important consideration 

So far as we have seen at present, the complement -fixation test seems specific 
enough for ordinary purposes In every one of our tests AYassermann-positive 
sera were put up against the filarial antigen and m every instance reacted negatively 
The important question of cross-fixation behveen the Dirofilaria antigen and the 
serum of persons sufiering from helminthic diseases other than filariasis has not yet 
been examined in detail Of twelve cases of hookworm infection ten reacted 
negatively The remaining two reacted positively One of these had in addition 
a filarial abscess with microfilariae in the blood, being an obvious case of mixed 
infection The other case had not been recognized to be one of filaiiasis lu view 
of the repeatedly positive serological finding, we asked for a complete clinical 
exammation for signs of filariasis, and it was reported that the patient had enlarged 
epitrochleai and inguinal glands and that he came from Contai, Midnapui, which 
IS a highly endemic area There is no doubt that this was a latent case of 
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filanasis wliicli was bi ought to liglit by the complement-fixation test These 
two cases of mixed infection aie shown in the table undei the conditions 
due to W bancwfti One case of tapc-woim infection {Tcenia saginata) reacted 
negatively As stated, of foui cises of guinea-worm disease three reacted 
positively 

SuJIMAKY OF BESULTS AND CONCLUSIONS 

t 

1 A series of eighty-nme eases of vaiious clinical types of mfection wjth 
IF bancrofli has been examined by the complement-fixation reaction, using as 
antigen extracts, variously prepaied, of D immitis Twenty-three positive 
reactions were obtained A series of fifteen cases of infection by other helminths 
was also similarly examined, yielding three positive reactiors, all of which were 
in gumea-worm disease 

2 It IS shown that cases of acute or sub-acute lymphangitis tend to exhibit 
two distinct types of immunity response In one tvpe the finding is a positive 
complement-fixation reaction associated with an eosinophiha, the total white count 
and polymorphonuclear percentage being within normal limits In the other tvpe 
the finding is a negative complement-fixation reaction with a polymorphonuclear 
leucocytosis AYe conclude, accordingly, that there are two distinct types of attack 
in such cases which we designate the toxic and septic types respectively 

3 Eepcated examination by the complement-fixation test of cases of acute or 
sub-acute lymphangitis with a positive complement-fixation reaction has demon- 
strated that as the attack passes off the reaction becomes negative 

4 The positive complement -fixation reaction, m whatever type of filaiial 
lesion it may be found, is alwajs associated with an eosinophiha, and, so far as we 
can see at present, the disappearance of the positive complement-fiLxation reaction 
does not seem to affect the eosinophiha, though this point requires further 
exammation 

5 Asa result of various considerations, we have suggested that the preliminary 
immunity response in infection by IF banciofli is anaphylaxis plus an eosinophiha, 
and that m circumstances favourable to large releases of filarial toxin the positive 
complement -fixation reaction is superadded as a further stage of immunization, 
the chnical result of the increased toxin releases bemg an ‘ attack ’ in types of 
obstruction where the toxin releases are normally smah, such as in blockage of the 
lunb lymphatics, but no attack m cncumstances where the lymphatics are still 
freely open as in chyluria 

6 Two cases are referred to showing the effect upon the positive complement- 
fixation reaction of surgical treatment of the antigenic factor 

7 Of four cases of guinea-worm disease three reacted positively, and the 
positive reaction remamed unchanged for long periods The long duration of the 
positive reaction is probably due to the absence of lymphatic obstruction, bringing 
our findings in gumea-worm disease into Ime with Tairley s findings m L loa and 
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oiu own findings in cliyluria As in cliyluria, eosinopliilia was present in tfie one 
case of giiinea-woim disease wliicli yielded a negative complement-fixation leaction 
as well as in those which reacted positively Adecjuate facilities foi the studj of 
guinea-worm disease aie not available in Calcutta, but it is suggested that examina- 
tion of this test will piobably not only lead to a valuable means of diagnosis of 
guinea-worm disease, but will also piovide imjioitant immunological data which 
maj be applicable to the moie complex case of infection with W banciofh 

8 Fiom Fairley’s results in Z loa and oui own in guinea-worm disease it 
seems lilcely that the complement-fixation tesi by means of Dirofilaiia extiacts is a 
group reaction for the woims of the filarial family geueially 

9 As the clinical manifestations of TF hmioofti infection are largely those 
of lymphatic obstruction whereby the antigenic factor is to a progressive extent cut 
ofi: from the circulation, no serological test could be expected to diagnose all types 
and stages of the disease, but in a somewhat lestricted field the test seems likely to 
be useful in diagnosis 

10 So far as examined, the specificity of the test seems quite satisfactory 
Apart from guinea-worm disease, no positive leactions were obtained in other 
helmmthio diseases, except in two cases of hookworm infection, in both of which 
W banciofti infection was also present 

11 As we have no method at present of combating the filaiial toxm directly, 
the demonstration that some attacks of lymphangitis are of purely toxic oiigm is 
not of immediate therapeutic value, except in so far as it suggests that probably 
no benefit is to be looked for fiom vaccine treatment in this trqie of attack 
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Ik au earlier paper (Ukil, 1930) I have tried to show the degree of tuber- 
culization. of the people of this country at various age periods I have stated 
therein that approximately 17 per cent of all cases attending the hospitals are found 
to suffer from glandular tuberculosis and 13 9 per cent from bone and ]oint 
tuberculosis It would be interesting to know about the sources of infection 
in extra-pulmonary forms of tuberculosis in this country The chief sources 
of the boeine bacillus are milk and butter from tuberculous cows The work of 
Taylor (1918) and others indicate that tuberculosis among cattle in India is 
much rarer than in Europe and America and that tuberculosis of udders is 
stiU less common 

So far as the morphology, cultural characters and pathological effects produced 
are concerned, tuberculosis in man and animals, though it may vary in degree, 
may be considered to be the same disease The consensus of opimon is to regard 
them as varieties of the same species rather than as distinct orgamsms We can 
differentiate three types of bacilb on the basis of their cultural characters, their 
pathogenic properties and the frequency with which they cause disease in man, 
cattle and birds 

IwCIDEKOE OP BOVINE INFECTION IN MAN IN EuBOPE AND AmEBIOA 

In Europe and America, a considerable amount of the tuberculosis of child- 
hood has been found to be due to infection with baciUi of the bovme type conveyed 
j, MR ( 1209 ) 19 
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in milk from tuberculous cows Forty per cent of the milch cows in England 
(Blit Mmistry of Health Memo , 1931) react to tuberculin and 42 to 50 per cent of 
cows slaughtered have been found to be tubeiculous According to MacFadyean, 
30 per cent of breeding cattle above 3 years and 40 per cent of milking breeds 
above 3 years in England are tuberculous 

Statistics vary as to the incidence of bovine tubercular infection m childhood 
In continental Europe, it forms about 12 to 15 per cent of all tuberculosis of 
childhood For fuller information the reader is referred to a recent paper by 
Bruno Lange (1932) In U S A it varies between 6 to 10 per cent In 
Scotland it is exceptionally high In England, Dr A Stanley Griffith places 
the figures as follows — 

Table I 


Variety of tuber- 
oiilosia 

Numbci of 
cases 

\ PnRCENTAOE OF OASES INFECTFD WITH 
BOVINE TiPE OF T0BEBOLB BACILEI 

0-5 years 

6-16 years 

All ages 

1 

Cervical gland 

1 

1 

133 

1 

84 0 

1 

515 

48 9 

Lupus 

168 

62 6 

53 2 

52 4 

Scrofulodormia 

59 

50 0 

43 3 

35 6 

Bone and joint 

511 

29 4 

18 6 

18 7 

Genito urinary 

23 



17 4 

illenmgitis 

33 

33 3 

36 0 

27 3 

Pulmonary 

795 



26 

Post mortem cases 

183 

29 7 

14 3 

22 3 


Thus, in England a large proportion, in some cases as much as half, of the 
tuberculous disease in children under 15 is caused by the bovine type of the bacil- 
lus It was thought some years ago that there was httle oi no evidence of bovine 
infection producing pulmonary tuberculosis m children But recent investigations 
by )Stanley Griffith (1932), Munro and Gumming in England (3 6 per cent of sputa 
giving positive results) and Bruno Lange in Germany (20 per cent sputa of adults 
in contact with cattle giving positive lesults), who have isolated bovine bacilh 
from cases of phthisis pulmonalis, throw open a new chapter for investigation m 
different lands This danger wiU not, however, be great in this country, so long 
as the bovine infection in cattle remains low 
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SOURCL OF JIATEKIALS FOR OUR STUDY 


The age mculence of our cases and the iiatuie of materials obtained were as 
follows — 


Tiblu II 


Source of matonul 

Xunibcr of 
ctuses 

AoB INOIUrNOE 

0-5 

years 

o-r> 

years 

lG-25 

year*} 

2(3-35 

years 

36-45 

Years 

Above 

46 years 

Cerncal glands 

30 


5 

20 

7 

3 

1 

Axillary glands 

0 

1 

4 


1 



fnguinal gland 

1 


1 

1 

1 




Bono and joints 

u 

1 

3 

' 7 

1 

3 



Enucleated tonsils 

2 


A 

ge not 

; K n 0 u 

ri 


Post-mortora gland 

1 



y* yy 

yy 




Of the above number 16 were females, the rest males Two weie Europeans 
and the rest Indians 

Grouped according to habitation in rural, semi-rural or urban areas, after the 
classification followed in one of our previous papers (Ukil, 1927), they were as 
follows — 


Eural 

16 

Semi-rural 

7 

Urban 

37 


The enucleated tonsils were sent from the Madanapalle Sanatorium m South 
India, the details of the cases not being available 


Technique employed 

In isolating the strains — In case of pus, a smear examination was first made 
with Ziehl-Neelsen and Gram stains to determine the presence of tubercle bacilli 
and secondary organisms respectively A culture was then made on an agar slope 
and broth to indicate the nature of secondary orgamsms, if present If the culture 
remamed sterile after 24 hours, the material was directly inseminated on Dorset’s 
egg and potato medium, and a portion inoculated intraperitoneally and subcuta- 
neously (in the right grom) into two guinea-pigs In case secondary orgamsms 
were present, the material was treated with 4 per cent NaOH for a variable length of 
tune, the duration of exposure varymg with the nature of micro-organisms piesent 
Prior to this a preliminary set of experiments was cairied out to find out the 
time hmit of exposure for each kind of micro-organism It was found that a short 
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exposure varying fiom 3 to 5 minutes sufficed to kill streptococci , B 'pyocyaneus 
and B coh required an exposure of 10 to 15 minutes , while staphylococci required a 
fairly long exposure of 30 minutes, and sometimes more "With spore-hearing 
bacteria, a much longer period, as much as 2 to 3 hours, was required to sterilize them 
This latter was necessary for post-mortem materials Though this was an approxi- 
mate standard, it was found by experience that different strains of tubercle 
bacilli resisted differently the action of NaOH, for example, m one case I found a 
pure growth of tubercle bacilli on Petroff’s medium after only 3 minutes’ exposure, 
whereas the tubes inseminated after an exposure longei than 5 mmutes and more 
remained sterile Hence, aftei this I used to inoculate a number of media aftei 
every 5 minutes’ exposure up to 30 minutes when aerobic non-sporing orgamsms 
were present Por inseminating the culture media, it was not found necessary to 
neutralize the mixture with 4 pei cent HCl In this way 18 strains were isolated hy 
direct culture which depends, of course, on the richness of bacilli in the original 
material 

Poi inoculatmg into guinea-pigs, the mixture, after exposure, was neutralized 
with 4 per cent HCl, then centrifuged and washed with physiological salme and 
the deposit injected The guinea-pigs, if they did not die, were killed after 8 to 10 
weeks, and the glands, spleen and liver mseminated on Dorset’s medium and potato 
medium The most successful results as regards culture were obtained from the 
inguinal and iliac glands 

As regards media used in the beginning inspissated beef serum, Petiofi:, Dorset 
and potato medium, both glycerinated and non-glycerinated were used, but with 
subsequent experience it was found that Dorset’s and potato media sufficed to 
give sufficiently successful results 

Subsequent cuUuies — '\^Tien the primary cultures were obtained, the sub- 
sequent cultures were made on Dorset’s and potato medium every fortnight, as 
also on glycerinated and non-gl 3 ’'ceiinated broth, to study the cultural characters 
Once they were done, the strains were conserved on Dorset’s and glycermated 
agar medium No advantage was taken to study the alteration in reaction of 
liquid media on culture 

In identifying the stbains by animal inoculation 

{a) Weighing and emulsification of bacilli — One milligram of bacilli from the 
growing margin of a young early culture on Dorset’s egg medium was weighed in a 
small sterile Petri dish and transferred to a thick-walled sterile test-tube with 
rough-surfaced glass beads, thoroughly shaken to break up the clumps and emulsi- 
fied by the addition of physiological saline drop by drop till 10 c c were added 
To control whether gross clumps were present in the emulsion, a smear was made, 
stamed by Ziehl-Neelsen method and examined undei the micioscope Bequired 
quantities were then measured from the emulsion volumetiically 
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(6) Inoculation into animals — Rabbits Rabbits weighing between 1,200 to 
1,800 grammes weic employed In the beginning 3 rabbits foi intravenous 
inoculation with 1 0 mg , 0 1 mg and 0 01 mg respectively were employed, but 
hter oil I substituted the fiist dose with 10 mg subcutaneously to help in deter- 
mining the virulence of a possible bovine stiain The animals were weighed every 
week and, if they did not die witl in 3 months, were killed after varying periods and 
autopsied In case of doubt legaiding any data experiments were repeated more 
tlnii once to arrive at a definite conclusion 

In autopsymg rabbits the naked-eye chaiacteis of lesions at the site of inocula- 
tion and 111 lungs, kidneys, tiachco-bioiichial glands and othei organs were noted and 
smears wmic examined for the piesence of acid-fast bacilli Histological examma- 
tious were resorted to in cases of doubt In many cases the strains were 
recoyercd by culture Paiticul u care was taken to find out the presence of inter- 
curreiit diseases in case of early death oi otherwise 

Guinea-pigs All the strains ivhich appeared to be of human type were 
further inoculated subcutaneously into 3 guinea-pigs iveighing between 300 to 400 
grammes with 0 1 mg of each strani to find out whether a strain of bacillus fell 
within the category of a modified human oi modified boyme type The examina- 
tion by autopsy of the guinea-pig is more laborious, inasmuch as not only the 
regional glands but all the gland groups haye to be examined by the naked eye for 
enlargement and caseation, and verified by a smear exammation for aeid-fast bacilli 
but the spleen, liver and lungs have to be similaily examined The loss in weight 
of the animals was noted weekly till they died In many cases the strains were 
recovered by culture for purposes of verification 

The autopsy findings were recorded in a specially printed schematic diagram 
for each ammal inoculated with different stains for purposes of graphic compari«on 

Findings 

Sixty strains out of 140 materials obtained are included in this study 

Cultural characters 

Richness of giowtli — ^The majority of strains weie ‘ eugonic ’ and glycerophilic 
They produced a dry or slightly moist cream-coloured growth on glyceiin-potato 
medium Some, e g , strains 20 P, 22 P and 29 P, produced a distinctly brown 
colour on growth Some of the strains grew luxuriantly on glycerinated Dorset 
but not so well on glycerin-potato medium, c g , strains 74 P, 90 P, 92 P Some 
of the strains were slightly ‘ dysgonic ’ but were glycerophilic and produced a cieam 
colour on glycerin-potato medium, e g , strams 26 P, 38 P, 49 P, 50 P, 51 P, 90 P, 
96 P, 101 P, 110 P and M 29 Strain P M 6 presented a moist and wrinkled 
appearance but gave a rich growth on glycerin-potato Strain 125 P is interesting 
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I I 

beyond 70 days — the maximum fatal time bmit foi bovme stiauis Among those 
dying eailier, none seemed to show so extensively progressive caseo-necrotic 
changes as are found after inocul.ition with known bovine strains, of which several 
contiols were kept 

Discussion 

The question of deteimming the source of extia-pulmonaiy tubeiculai infec- 
tion in man in India is impoitant, m presence of the fact that cattle are much less 
infected with tubeiculous disease than in Euiope oi Ameiica The accepted figuie 
in India is only about 3 to 3 5 pei cent, a veiy low figuie compaied wuth that in 
Europe, though the systematic examination of caicasses foi tuberculous disease 
has not yet been well carried out in all paits of India Latteity Soparkai (1927)' 
found 14 per cent of cattle infected at Eeiozepiii and Lahore (Punjab), a figuie 
veiy neaily appioaching that pi evading in some parts of Euiope There are 
evidences that, though Indian milch cattle possess a relative immunitj^ against 
tuberculosis so long as they are kept in fiesh an and sunshine (Sopaikai, 1926), 
this barrier seems to give w%ay in pie'^ence of massive infection and when they aie 
confined in sheds away fiom fresh an and sunlight, as has recently happened at the 
Madras Corpoiation cattle sheds Bovme tubeiculosis in man must be consicleiecl 
to be rare heie when it is lemembered that all classes of people aie accustomed to 
drink milk boiled, veiy often moie than once, at home 

In my senes of 60 cases, all the stiains have proved to be human in type Out 
of Sopaikai’s (1925) 48 strains isolated from extia-pulmonary sources, all were 
reported to belong to the human type Sopaikai (1927) has, howevei, reported 
the isolation of 2 bovine strains (veibally communicated) and one avian stiaiii 
fiom cases of adenitis in man He has fiuthei isolated (veibally communicated) 
two human strains from cattle in the Punjab I am not conversant with the 
habits of the people in the Punjab, but it is noteworthy that the Tubeiculosis 
Research Committee of South Africa (1932) have found that infection of pigs in 
Johaniiesbuig is fairly common from human tubercle bacilli, piobabl} because the 
pigs aie fed there largely upon refuse food material obtained from the mine 
compounds, pointing to the possibility of contamination of the food with human 
tubercle bacilli They have further found all the 50 strains from human sources 
isolated and studied by them to belong to the human type 

As regards the point whether the strains isolated could possibly have been 
modified bo’^ne bacilli of low virulence, the evidence obtained from rabbit and 
guinea-pig inoculation tests is clearly against such a view Eoi the moment, there- 
fore, extra-pulmonary tubercular lesions in India must be considered to be due, to 
an oveiwhehnrng extent, to the human type of the bacillus There is always, 
however, the possibility of an increased incidence of the bovine infection, if, in 
course of time, an increasingly large number of cattle become infected and t]m 
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people cliaiige theu habits of dunking boiled milk This possibility, however, 
seems to be remote 

It may be argued by European workers that the number of cases in children 
(m uhom, for example, Stanley Griffith has found 64 2 per cent of bovine infection 
111 England and Scotland) studied by us is comparatively small and that perhaps 
a greater percentage of bovine infection would be found in children of this age 
group But, as I have shmvn elsewhere, the maximum incidence of pulmonary 
and extra-pulmonan forms of tuberculosis in this country occurs about the same 
age period, vi/ , 25tli }''eai, and that, owing to a less peifect immunization of the 
population than in Europe, a young adolescent of 15 to 20 years here probably 
corresponds to a child of 5 to 1 0 years in more urbanized i egions of Europe 
Hence, the data presented may be taken as a correct estimate of the present 
position of bovine infection m man m this country 

The route of entry of the bovine bacillus into human body is thought to be 
almost exclusively through the alimentary tract by the ingestion of infected milk 
Though these bacilli may localize in various parts of the body in childhood, they 
are capable of producing phthisis puhnonalis in adult life, as has been suggested by 
Griffith and Bruno Lange (1932) In India we must look to other sources of ali- 
mentary infectiou, e g , swallowing of food and drinlc contaminated with human 
sputa, etc , which appear to be probable from the habits of the people prevailing 
in various parts of India We are not yet in a position to state to what extent 
alimentary infection plays the role in producing extra -pulmonary and other lesions 
from human sources in this country 
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